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PREFACE  TO  THE  THIRD  EDITION. 


This  third  edition  of  "  Ice-making  and  Refrigeration ''  will 
be  found  to  contain  a  large  amount  of  new  material,  in  addition 
to  the  greater  part  of  the  original  matter  used  in  previous 
editions.  The  scheme  of  sub-division  into  four  parts  has  been 
adhered  to  as  heretofore,  although  there  has  been  some  re- 
arrangement of  material.  In  other  words,  the  present  is  un- 
qualifiedly a  revised  and  enlarged  edition,  and  in  view  of  the 
fact  that  the  demand  for  the  previous  editions  exceeded  our 
anticipations,  we  feel  justified  in  looking  forward  to  a  favor- 
able reception  for  this  present  edition. 

As  to  the  quality  of  the  material,  both  old  and  new,  we  will 
simply  say  that  it  has  been  our  aim  to  bring  together  only 
such  as  was  practical  and  essentially  up-to-date.  We  candidly 
acknowledge  the  crudeness  of  our  previous  efforts,  but  hope 
that  some  real  merit  may  be  found  in  the  present  work. 
Whether  or  not  such  is  the  case  we  will  leave  to  the  judgment 
of  others. 

As  to  the  record  of  the  art  since  the  previous  issue,  the  most 
significant  event  we  have  to  chronicle  is  the  formation  of  the 
American  Society  of  Refrigerating  Engineers.  This  body  has 
already  held  two  annual  meetings  and  the  announcement  for 
the  third  is  out  as  we  are  writing.  The  record  up  to  date 
indicates  that  this  society  has  already  established  itself  as  one 
of  the  recognized  engineering  bodies  of  the  day. 

In  closing  we  wish  to  acknowledge  our  gratitude  for  pre- 
vious generous  patronage,  and  to  state  that  we  will  be  equally 
grateful  for  a  corresponding  patronage  in  the  present  case. 

Louis  M.  Schmidt. 


Ltnn,  Mass., 

November  jPjP,  1907, 
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PREFACE  TO  THE  SECOND  EDITION. 


The  fact  that  the  first  edition  of  "  Principles  and  Prac- 
tice OF  Artificial  Ice-Makino  and  Refrigeration  "  has 
become  entirely  exhausted  and  the  demand  continues  una- 
bated, accounts  for  this  new  and  enlarged  edition. 

While  in  the  present  volume,  the  original  arrangement  and 
division  of  the  subject  into  four  parts  have  been  retained,  the 
service  of  the  book  has  been  extended  by  the  addition  to  each 
part  of  new  and  up-to-date  matter,  fully  illustrated,  by  which 
means  it  is  believed  that  full  justice  has  been  done  to  the 
subject  in  all  its  branches  and  details. 

Since  the  publication  of  the  first  edition  of  the  book,  the 
industry  of  refrigeration  and  ice-making  has  become  continu- 
ally more  firmly  established.  Conventions  of  interested  parties 
are  held  periodically.  A  beginning  has  been  made  in  the 
way  of  standardization.  Some  additions  have  been  made  to 
the  bibliography  of  the  subject,  while  periodical  literature  has 
maintained  a  vigorous  existence.  Altogether  the  prevailing 
feeling  throughout  the  field  indicates  cheerfulness  and  a 
healthy  condition. 

Under  such  conditions,  and  with  the  record  of  the  first  edi- 
tion in  mind,  we  can  feel  some  assurance  in  hoping  for  a 
favorable  reception  of  this  second  edition.    ■ 

Louis  M.  Schmidt. 

Lynn,  Mass., 

December  i,  1903, 
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PREFACE  TO  THE  FIRST  EDITION. 


In  the  preparation  of  this  volume  the  central  idea  has  been 
to  produce  a  representation  of  the  status  of  the  art  of  Mechan- 
ical Refrigeration  and  Ice-Making  as  it  stands  to-day. 

For  the  proper  comprehension  of  the  subject  a  general 
knowledge  of  the  principles  involved  is  essential.  To  provide 
this  has  been  the  object  in  the  preparation  of  Part  I. 

How  these  principles  are  applied  in  practice  is  brought 
out  in  Part  II.  by  descriptions  of  representative  apparatus  as 
produced  by  some  of  the  leading  manufacturers  in  the  field. 

The  subject  of  Structural  Insulation  was  considered  of  suflB- 
cient  importance  to  be  assigned  to  Part  III.  by  itself. 

In  Part  IV.  will  be  found  tables  and  general  information 
having  a  bearing  upon  the  subject  under  consideration. 

Acknowledgment  of  obligations  is  due  to  many  who  have 
rendered  valuable  assistance,  including  the  manufacturers  of 
the  apparatus  described;  to  an  able  article  in  the  Century 
Magazine^  by  Mr.  William  Clark  Peckham,  on  "Absolute 
Zero,"  which  was  of  assistance  in  the  preparation  of  the 
chapter  on  "  Liquid  Air ;"  and  Messrs.  0.  R.  Young,  editor, 
and  Francis  H.  Boyer,  A.  S.  M.  E.,  of  the  Engineers'  Magazine^ 
for  valuable  help  from  the  department  on  **  Refrigeration  "  so 
ably  conducted  by  the  latter. 

In  the  matter  presented  it  is  hoped  that  there  may  be  found 
something  of  value  to  the  prospective  investor,  to  the  owner 
and  user  of  refrigerating  apparatus,  to  the  operating  engineer 
and  to  the  student.  Should  our  hopes  show  some  measure  of 
realization  we  will  be  satisfied. 

Louis  M.  Schmidt. 

Lynn,  Mass., 

February  21,  1900. 

(V) 


CONTENTS. 


PART  I. 


PRINCIPLES  AND  GENERAL  CONSIDERATION 
OF  THE  SUBJECT. 


3 


^  CHAPTER  I^ 

S'  "^ 

)  HiSTORICAIm 

PAGB 

The  prodaction  of  practical  and  commerciallj  saccesBful  machinery  for  the 
mannfacture  of  artificial  ice  and  for  mechanical  refrigeration  one  of  the 
greatest  achievements  of  this  age;  Antiquity  of  the  artificial  prodaction  of 
ice;  Methods  of  cooling  or  freezing  liquids 1 

Gradual  growth  from  the  old  methods  to  those  of  to-day;  Individuals  who 
have  contributed  to  the  development  of  the  art;  Simplicity  and  ingenuity 
of  the  principles  involved  in  the  process  of  mechanical  refrigeration;  The 
mystery  of  the  process  and  the  first  step  towards  its  solution       ...       2 

Transformation  which  water  may  be  made  to  undergo,  and  methods  to  pro- 
duce the  results;  Efiects  of  an  increase  in  pressure  on  a  body;  Conditions 
involved  in  the  methods  of  obtaining  ice  in  India  long  ago;  Principles 
involved  in  the  modem  methods 3 

Systems  of  generation  that  have  survived;  Classification  of  methods  of  appli- 
cation; Statistics 4 

Data  for  United  States;  Value  of  machine  ice;  Cost  of  ice  in  United  States; 
Relative  consumption  of  natural  and  machine  ice  for  Cincinnati;  Growth 
of  manufactured  ice  industry 5 

Data  of  refrigeration  and  cold  storage;  Machines  and  systems        ...      6 

CHAPTER  II. 
Methods  op  Generation. 

The  absorption  system;  Principle  involved  in  this  system;  Constitution  of 
pure  anhydrous  ammonia,  and  of  ordinary  ammonia  or  aqua  ammonia; 
Stages  or  processes  involved  in  the  series  of  operations;  Processes  char- 
acteristic of  the  absorption  system;  What  the  absorption  system  consists  of; 
Generation  process 7 

Condensation  process;  Expansion  process;  Maintenance  of  the  low  pressure 
in  the  refrigerating  coils;  The  only  mechanically  operated  feature  of  the 
absorption  system 8 

(vii) 


Vlll  CONTENTS. 


Diagram  of  the  absorption  system 9 

The  ammonia  compression  sjstem;  Pre-eminent  position  of  this  sjstem         .     10 
The  three  successive  steps  of  the  process;  The  compression  process;  The  con- 
densation process;  The  expansion  process 11 

Diagram  of  the  compression  system;  Anhydrous  sulphurous  dioxide  system; 
General  distinction  of  this  system;  Worlcing  pressure  in  this  system;  Effect 
of  ammonia  and  of  anhydrous  sulphurous  dioxide  upon  metals;  Desirabil- 
ity of  copper  as  a  material  for  pipes;  The  carbonic  anhydride  system; 
Properties  of  carbonic  anhydride;  Enormous  pressure  required  in  this 
system;  Important  feature  of  the  carbonic  anhydride  process  .  .13 
The  compressed  air  system;  The  characteristic  feature  of  this  system;  The 
principle  of  thermo-dynamics  involved;  The  essential  parts  of  a  com- 
pressed air  plant 14 

CHAPTER  III. 
Methods  of  Application. 

Refrigeration;  Classification  of  the  methods  of  refrigeration;  Advantages  and 
disadvantages  of  the  direct  system;  The  indirect  system  and  methods  of 
refrigeration  in  use  by  means  of  it;  Method  with  brine,  and  its  application; 
The  indirect  air  system 16 

Principal  elements  of  an  ammonia  compression  plant  employing  the  direct 
system,  described  and  illustrated 17 

Arrangement  of  the  indirect  brine  system  in  a  packing  house,  described  and 
illustrated;  Special  features  of  the  indirect  air  system;  Points  in  favor  of 
the  direct  system;  Pre-eminent  position  held  by  the  indirect  brine  system; 
Summary  of  pros  and  cons  regarding  the  direct  and  indirect  systems  .     18 

The  Triumph  brine  cooler,  described  and  illustrated;  Brine  tank,  described 
and  illustrated 20 

Triple  pipe  brine  cooler,  described  and  illustrated;  Improvement  in  recent 
practice  by  the  adoption  of  brine  made  with  calcium  chloride;  Another 
advance  in  the  indirect  system  not  as  yet  generally  introduced;  Uses  of  the 
indirect  air,  or  chilled  air,  system 22 

Interior  view  of  a  bunker  room,  described  and  illustrated  ...     24 

CHAPTER  IV. 

Applications  of  Refrigeration. 

Some  of  the  places  where  ice-making  and  refrigerating  machinery  is  used; 

Abattoirs  and  packing  liouses 25 

Chill  room;  Chill  room  for  hogs 26 

Chill  room  for  beef;  Cold  storage 27 

Effect  of  the  cold  storage  industry  upon  the  market;  Tendency  in  regard  to 

the  storage  temperature 28 

Brewery  refrigerators;  Arrangement  of  a  plant  operating  on  the  direct  ex- 
pansion system;  Baudelot  cooler,  described  and  illustrated         .         .         .29 

The  attemperator,  and  its  uses 32 


CONTENTS.  IX 

PAGE 

Automatic  attemperator  system  for  regalating  fermentation,  described  and 
illustrated;  Attemperator  arranged  with  swivel  joint,  described  and  illns- 
tcated 33 

Cylindrical  attemperator,  illastrated;  Arrangement  of  pipe  work  in  ferment- 
ing room,  illustrated;  The  ice  skating  rink;  Methods  for  producing  ice  for 
skating;  Method  most  generally  followed,  described  and  illustrated;  Ingen- 
ious method  of  obtaining  an  ice  surface  of  uniform  thickness  .35 
.  Refrigeration  on  ship-board;  The  compressed  air  system;  Advantages  of  this 
system 37 

Ammonia  compression  system;  Objection  to  the  use  of  direct  expansion  with 
ammonia;  Section  of  a  transatlantic  steamer  used  exclusively  for  the  trans- 
portation of  refrigerated  meats,  illustrated 38 

Longitudinal  sections,  horizontal  and  vertical,  of  a  Danish  butter  export 
steamer;  Pipe  line  refrigeration;  Practical  features;  Successful  handling 
of  a  variable  load .41 

The  brine  system;  A  pipe  that  has  been  used  with  success  in  this  system; 
Absorption  system  with  direct  expansion;  Conditions  under  which  the 
absorption  is  best  adapted  to  operate 42 

Improvement  in  the  inherent  flexibility  of  the  absorption  system;  Feature 
largely  responsible  for  the  success  of  the  direct  system;  Requisites  to  allow 
for  expansion  and  contraction;  Economic  considerations  of  a  central 
station 43 

Merits  of  the  system  of  pipe  line  refrigeration 44 

CHAPTER  V. 
— . -.— ^  -  —  ■■  -      Ice-Making. 

)rigin  of  the  modem  system  of  refrigeration;  General  methods  of  ice- 
making;  The  plate  system  and  can  system ;  Other  systems  .         .         .45 

Hygienic  and  transparent  ice;  Principal  cause  of  opaqueness  of  ice;  Schemes 
for  the  removal  of  air 46 

Plate  ice-making;  Standard  sizes  of  blocks;  Isometric  view  of  a  complete  ice- 
making  plant 47 

Typical  method  of  constructing  the  freezing  tank  and  cells;  Can  ice-making; 
Plan  followed  in  general;  Necessary  and  special  features   .  .         .48 

Variety  in  details  for  different  plants;  Standard  cans 49 

Detail  of  cans;  Method  of  effecting  brine  refrigeration;  Facilitation  of  rate 
of  freezing;  Hoist  for  harvesting 50 

Filling  of  cans;  Treatment  of  steam  after  having  become  laden  with  lubricat- 
ing oil  in  the  cylinder;  Isometric  view  of  a  complete  can  ice-making  plant.     51 

Operative  features  and  cost;  Storage;  Feature  in  favor  of  the  plate  system    .     52 

Storage  rooms  required  for  can  ice;  Space  requirements;  Output;  Cost;  Cost 
of  installation 53 

Cost  of  operation;  Table  giving  approximate  cost  of  operating  ice  factories   .     54 


X  CONTENTS. 

PAOK 

CHAPTER  VI. 
pRACTiCAii  Primaby  Refrioxratino  Mkdiitms. 
Function  of  a  refrigerating  medium;  Requisites  of  a  suitable  substance;  Fea- 
ture of  importance 56 

Critical  data;  Critical  temperature;  Critical  pressure 57 

Heat  of  vaporization;  Tables  giving  data  in  regard  to  heat  of  vaporisation 

for  different  temperatures  and  corresponding  pressures;  Ammonia  58 

Sulphur  dioxide;  Carbon  dioxide;  Liquid  cooling;  Specific  heat  of  liquid         59 
Losses  in  refrigerating  eff*ect  due  to  liquid  cooling  per  pound;  Volume  of 

compressor CO* 

Table  of  cylinder  capacity  per  unit  refrigerating  efi*ect 61 

Relative  cylinder  capacity  on  basis  of  carbon  dioxide;  Equivalent  of  1  B.  T. 

U.  per  minute  in  other  units 62 

Data  on  piston  travel ;  Mean  effective  pressure 63 

Table  of  mean  pressure  of  diagram  of  ammonia  compressor;  Condenser  pres- 
sure and  temperature 64 

Different  pressures  for  ammonia;  Ratio  of  pressure;  Power  required  65 

Practical  considerations;  Results  of  tests;  Trials  at  British  dairy  show;  Cost 

of  power  for  milk  cooling 66 

Tests  by  Danish   Agricultural  Society;  Comparative  test  of  refrigerating 

machines  made  by  Danish  Agricultural  Society,  1898;  Tests  by  Dr.  Lorenz.     67 
Test  of  Linde  Co.'s  NH,  compressor  installed  in  municipal  slaughter  house 

in  Mainz 68 

Test  of  L.  A.  Riedinger's  CO,  compressor  installed  in  the  Vereins  brauerei 
Apolda 69 

CHAPTER  VII. 
Brike. 
Various  salts  used  for  making  up  brine;  Use  of  calcium  chloride  a  practical 
necessity  where  low  temperatures  are  desired;  Explanation  of  the  use  of 

brine 70 

Limit  to  which  the  density  can  be  carried;  Density  of  solutions  in  practice 
for  sodium  chloride;  Temperature  at  which  the  lowest  limit  for  freezing  is 

reached 71 

Properties  of  brine-solution  of  sodium  chloride  (common  salt);  Properties  of 

solution  of  chloride  of  calcium  (calcium  brine) 72 

Effect  on  pipes  and  containing  vessels;  The  salinometer  or  salometer  73 

Brine  strainer,  described  and  illustrated;  Preparation  of  brine  .         .74 

Apparatus  for  the  preparation  of  brine,  described  and  illustrated  .  .75 

CHAPTER  VIII. 
Ammonia  Condenser. 
Cooling  medium  for  the  condenser;  Different  types  and  classification  of  con- 
densers       77 

Submerged  condensers;  The  atmospheric  condenser,  described  and  illustrated.     78 


CONTENTS.  XI 

PAGE 

York  atmospheric  condenser  with  fore-cooler,  described  and  illustrated  .  82 
Eclipse  ammonia  condenser  and   liquid  cooler,  described  and  illustrated; 

Shell  tjpe  condenser,  described  and  illustrated 84 

The  donble-pipe  condenser 86 

Wolf    double-pipe  ammonia  condenser,   described   and    illustrated;    York 

double-pipe  ammonia  condenser,  described  and  illustrated  .        .88 

Relative  values  for  cooling  surface  and  water 90- 

CHAPTER  IX. 

Relative  Capacity  foe  Refrigeratino  and  Ice-Making. 

Basis  for  the  rating  of  refrigerating  machines;  Definition  of  a  heat  unit  91 
Co-efficient  of  performance  and  its  expression;  Working  out  an  example       .  92 
Mode  of  finding  the  work;  Duty  involved  in  the  production  of  one  ton  of  ice<  93 
Amount  of  heat  involved;  Reason  why  the  rating  of  machines  for  ice-produc- 
ing is  much  lower  than  for  refrigerating 94 

CHAPTER  X. 
Insulation. 
Necessity  of  good  insulation;  Aspects  from  which  the  subject  of  insulation 

may  be  considered;  Materials  used;  Pipe  insulation 95 

Insulation   for  pipe  underground;   Satisfactory  results  of  pipe  insulation; 
Building  insulation;   Value  of  air  spacing;    Filling  materials  for  open 

spaces 96 

LosBses  of  refrigeration;  Radiation 97 

Conduction  of  heat;  Comparative  value  of  insulating  materials  .98 

Convection;  Heat  loss  by  convection 99 

Practical  considerations lOO 

CHAPTER  XI. 

Refrigeration  Requirements  for  Air  Cooling. 

Air  cooling  as  a  means  of  refrigeration;  Cooling  dry  air  ...  .  101 
Specific  heat  of  dry  air  at  normal  pressure;  W*eight  of  a  cubic  foot  of  aqueous 

vapor  at  different  temperatures  and  percentages  of  saturation     .  .  102 

Mode  of  obtaining  the  heat  values  representing  the  elimination  of  moisture; 

Total  heat  removed  for  cooling  air  and  vapor 103 

Effect  of  lighting  and  individuals 104 

Heat  and  moisture  effects  of  illumination;   Heat  emission  of  illuminants; 
Elffects  upon  the  air  of  the  space  in  which  they  are  burned  of  the  common 

illuminants  of  combustion 105 

Power  consumption  of  electric  lights 106 

Power  consumed  for  high-class  arc  lighting;  Effect  of  an  adult  on  the  atmos- 
phere   107 

Effect  of  respiration  of  an  adult  on  the  atmosphere;  Allowance  for  effect  of 
an  adult  on  the  atmosphere 108 


Xll  CONTENTS. 

PIQI 

CHAPTER  XII. 
Cooling  op  Goods  in  Storage. 
Limitation  of  the  amount  of  refrigeration  required  for  the  goods  in  storage; 
Mode  of  obtaining  the  actual  amount  of  refrigeration  required  for  products 

maintained  above  freezing 109 

Table  of  artificial  and  latent  heat  of  various  food  products     ....  110 
Effective  value  of  one  ton  of  refrigeration Ill 

CHAPTER  XIII. 
Piping  and  Refrigeration. 

Conditions  by  which  results  are  governed;  General  principles  regarding  the 
arrangement  of  the  piping;  Multiple  system  of  piping;  Size  of  the  pipe; 
Necessity  of  a  free  circulation  of  the  air 112 

Trouble  from  sweating  ceilings;  Radiating  discs,  described  and  illustrated     .  113 
.  Brine  walls;  Disc  for  expansion  coils;  Pipe 114 

Flanged  joints  and  pipe  connections;  The  Boyle  patent  union,  described  and 
illustrated 115 

Screwed  joints .         .         .         .116 

Welded  joints;  Thermit  welds 117 

Cocks  and  valves,  described  and  illustrated;  Ammonia  flange  fittings  adapted 
to '*  Boyle  Union  " 118 

Expansion  cock,  described  and  illustrated;  Double-pipe  connections;  Feather- 
stone  double-pipe  connections,  desdribed  and  illustrated     .         .         .         .119 

Testing  piping 120 

Amount  of  piping;  Increase  in  fuel  consumption  of  steam  boilers  due  to 
accumulation  of  scale;  Rules  for  an  approximation 121 

Data  on  piping  allowances;  Ammonia  piping;  Brine  piping  .         .         .         .122 

CHAPTER  XIV. 

Water  cooling  towers  and  their  function;  Principle  involved  in  the  operation 
of  a  cooling  tower;  Evaporation 123 

Features  which  would  facilitate  evaporation;  Means  of  obtaining  a  large  sur- 
face of  water;  Methods  of  bringing  large  quantities  of  air  in  contact  with 
the  surface  of  water;  Importance  of  the  degree  of  saturation  of  the  atmos- 
phere on  the  efficiency  of  a  water-cooling  tower 124 

Meteorological  conditions  effecting  evaporation;  Table  of  weight  of  air,  vapor 
of  water,  and  saturated  mixtures  of  air  and  vapor  at  different  temperatures 
under  the  ordinary  atmospheric  pressure  of  29.921  inches  of  mercury         .  126 

Definition  of  the  term  absolute  humidity;  Cliart  showing  vapor  pressure  for 
different  temperatures  and  different  degrees  of  saturation   ....  126. 

Chart  showing  relation  between  relative  humidity  and  absolute  humidity  for 
different  temperatures 127 

Formula  for  expressing  the  rate  of  evaporation  from  the  surface  of  water; 
Features  of  construction  and  operation  of  water  cooling-towers;  Tower 
structure;  Cooling-surfaces;  Water-distributing  apparatus;  Fans;  W^ater- 
basin 128 


CONTENTS.  Xlll 

PAGE 

Location;   Capacity;  Weight;  Pumps;  Kesults  obtained  with  water-cooling 

tower 129 

Calculations  for  evaporation;  Cost  of  cooling-tower 130 

CHAPTER  XV. 
Genial  Description  of  a  Compbessed  Aik  Refrigebatiko  Plant. 
Explanation  of  the  refrigeration  efiect  of  compressed  air;  The  compressing 

cylinder;  Mode  of  conducting  off  the  heat  held  in  specific  form                  .132 
Compressed  air  refrigerating  plant,  described  and  illustrated          .         .         .  133 
Demonstration  of  the  fundamental  law  that  all  motion  or  power  exerted  is 
actuated  solely  by  heat;  Impossibility  of  determining  the  dividing  point 
between  energy  and  heat;  Value  of  the  compressed  air  system  for  special 
purposes 134 

CHAPTER  XVI. 

Features  Common  to  the  Ammonia  Absobptjon  and  Compbes-sion 

Systems. 
Ammonia  condenser;  Liquid  ammonia  receiver,  described  and  illustrated; 

Liquid  fore-cooler 135 

Double  liquid  ammonia  cooler,  described  and  illustrated;  Expansion  cock  or 

valve;  Expansion  coils;  Steam  boiler  plant 137 

Evaporator;  The  *'Lillie''  evaporator,  described  and  illustrated  .  .  138 

Triple  effect  Lillie  evaporator  for  distillation  of  sea-water     .         .        .        .139 

CHAPTER  XVn. 
Features  of  the  Absobption  System. 
The  distilling  apparatus  or  still;  The  generator;  The  analyzer;  The  polar 
still,  sectional  view  of  generator,  analyzer,  and  heater;  The  rectifier  .  141 

The  equalizer,  described  and  illustrated 142 

The  weak  liquor  cooler;  The  ammonia  pump;  Automatic  regulator;  The 
absorber,  described  and  illustrated 143 

CHAPTER  XVHL 
Featttres  of  the  Ammonia  Compression  System. 

Motive  power;  Steam  engines 145 

Apparatus  for  obtaining  full  benefit  of  the  economy  of  a  first-class  compound 
condensing  steam  engine;  Arrangement  of  the  engine;  Evaporator    .         .  146 

The  Lillie  evaporator  combined  with  oil  extractor,  steam  condenser,  air 
pump  and  reboiler,  described  and  illustrated 147 

Conditions  of  operation;  Conditions  of  operation  in  evaporator;  Values  for 
results  obtained 148 

Results  obtained  with  Lillie  evaporator;  Ammonia  compressors    .  .  149 

Vertical  compressore;  Pair  of  single-acting  compressors,  illustrated;  Hori- 
zontal compressors 150 

Double-acting  horizontal  machine,  illustrated;  Single-acting  vertical  com- 
pressors; Compressor  cylinder  with  details,  illustrated  .         .152 


_  I 


XIV  CONTENTS. 

PAOI 

•Single-acting  yertical  machines  complete  with  horizontal  engines,  illustrated; 
Double-acting  compressor,  described  and  illustrated;  Oil  injection;  Befrig- 
eraiing  machine  operating  witff  oil  injection,  illustrated;  Oil  separating 

apparatus 153 

Stuffing  box,  described  and  illustrated 155 

Compressor  valves,  illustrated 156 

-Grist  patent  compressor  suction  valve,  illustrated 157 

CHAPTER  XIX. 
Effect  of  Back  Prebsure  and  Supebheatino  on  Cylindeb  Capacitt. 

Definition  of  a  vapor;  Relation  between  temperature,  pressure,  and  volume 
for  a  vapor;  Definition  of  a  gas;  Exponential  function  expressing  the  rela- 
tion between  temperature,  pressure,  and  volume  of  a  gas   ....  159 

-Capacity  and  back  pressure  of  an  ammonia  compressor;  Table  of  density  of 
ammonia  vapor  at  suction  pressure;  Chart  showing  the  relation  between 
capacity,  work,  and  cost  of  operation 160 

Condition  of  superheat 162 

Loss  in  refrigerating  practice  over  the  theoretical  value  .         .163 

CHAPTER  XX. 
Wet  and  Dby  Comprebsion. 
Applications  of  the  terms  wet  compression  and  dry  compression;   Actual 

meaning  of  these  terms 164 

Definitions  of  the  adiabatic  curve  and  of  the  isothermal  curve;  Diagrams 
showing  graphically  the  comparative  efficiency  of  methods  of  cylinder 

cooling 165 

Rule  for  finding  the  efficiency  ratio  of  any  cylinder-cooling  device        .         .  166 

CHAPTER  XXI. 
Ammonia  Cylinder  Cards. 
Illustration  of  a  practical  and  thorough  method  of  examining  and  studying 
indicator  diagrams  obtained  from  cylinders  of  ammonia  compressors  .         .  168 

CHAPTER  XXII. 
Entropy-Temperature  Diagram. 
"General  utility  of  the  entropy-temperature  diagram  for  representing  thermo- 
dynamic conditions;  Definition  of  entropy;  Reeve's  definition   .         .        .  172 
Fundamental  equation  and  numerical  value  for  entropy;  Entropy-tempera- 
ture diagram;  Entropy-temperature  curves  for  ammonia,  illustrated  .        .  173 

Explanation  of  these  curves 174 

Diagram  for  cycle  of  operations 178 

Entropy-temperature  diagram  for  complete  cycle,  illustrated         .        .         .  179 

Description  of  a  cycle 180 

•Co-efficient  of  performance;  Stand-point  from  which  the  efficiency  of  a  per- 
formance may  be  considered;  Diagramatic  representation  of  the  various 
heat  values;  Determination  of  the  various  heat  values       ....  181 


CONTENTS.  XV 

PAGE 

Condition  of  saturation;   Diagramatic  representations  of  the  yarious  heat 

values 182 

Ideal  reversible  cycle,  known  as*  Camot's  cycle*  Development  of  this  cycle; 

Diagram  for  Camot's  cycle,  illustrated .  183 

Representation  of  the  curves  .        .        . 184 

Calculation  for  co-efficient  of  performance 185 

Data  for  this  calculation 186 

Temperature  of  superheat  at  low  pressure 187 

Data  in  regard  to  specific  heat  of  ammonia;  Values  for  the  specific  heat  of 

liquids 188 

Solution  of  problem;  Calculation  for  condition  of  saturation   .        .        .  189 

Calculation  for  ideal  reversible  system 191 


PART  11. 

PRACTICE  AS  SHOWN   BY   PARTICULAR 
SYSTEMS   AND    APPARATUS. 

CHAPTER  I. 
The  Ammonia  Comprebbign  System — Humid  Compbession. 
The  Linde  ice   machine,  and  its  origin;  Some  of  the  parts  of  a  Linde 
machine;  The  compressor  described  and  illustrated    .  .194 

The  stufling  box 196 

Ammonia  condensers;  The  atmospheric  condenser 197 

Double  pipe  condenser;  The  oil  trap;  The  liquid  ammonia  receiver  .  198 

Description  of  a  plant;  The  Linde  compressor;  Construction  of  the  condenser.  199 
Direct  expansion  system;   Diagram  of  a  direct  expansion  brewing  plant; 
Brine  system,  described  and  illustrated;  Means  for  the  circulation  of  the 

solution  of  salt 200 

Arrangements  of  piping  for  chilling  rooms,  illustrated:  Ice  plants;  Arrange- 
ment of  a  complete  ice  factory  for  the  production  of  ice  from  distilled 
water,  described  and  illustrated;  Use  of  the  steam  generated  in  the  boiler; 
Passage  of  the  water  resulting  from  the  condensed  steam  ....  201 
Filtering  the  water;  Automatic  can-filler;  Freezing  tank;  Hoisting  appara- 
tus; Thawing  apparatus 202 

Multiform  work  performed  by  the  water 203 

CHAPTER  II. 

The  Ammonia  Compbebbion  System  with  Oil  Injection— De  La  Verone 

System. 

Definition  of  oil  injection,  and  its  purpose;  Complication  inyolved  in  the 
compressor  and  in  special  arrangements  for  separation  of  the  oil  from  the 
ammonia 205 


XVI  CONTENTS. 

•  PAGE 

Development  of  the  system  of  oil  injection  by  the  De  La  Vergne  Machine 
Co.,  of  New  York;  The  Standard  compressor,  described  and  illustrated     .  205 

Sectional  view  of  double-acting  Vertical  compressor 207 

The  fore-cooler;  Ammonia  condenser;  Expansion  cock  and  radiating  disk; 

Cycle  of  operations  in  refrigeration 208 

Diagram  of  a  refrigerating  plant;  Ice  making;  Details  involved    .         .         .  209 

Prominence  of  the  steam  part  of  the  plant  ' 210 

Diagram  of  De  La  Vergne  refrigerating  plant  with  standard  compreraor        .  211 
Disposition  of  the  parts  and  the  course  of  the  mediums  that  pertain  to  the 
refrigerating  part  of  the  plant;  OflSce  of  the  reboiler;  Means  of  carrying 
off  the  scum;  Description  of  an  ice-plant;  Progress  of  the  water  from  the 

well  to  the  platform ;  Well-water  pump 212 

Currents  from  the  well-water  pump;  Connection  of  the  pipe  conveying  live 

steam  with  the  reboiler  and  its  purpose;  PasMige  of  the  exhaust  steam       .  213 
Conveyance  of  the  ice  and  its  removal  from  the  can;  Standard  ice  cans  or 
moulds 214 

CHAPTER  IIL 
The  Ammonia  Compbession  System. 
Featherstone  Foundry  and  Machine  Co.,  and  variety  of  refrigerating  ma- 
chines offered  by  them;  Featherstone  horizontal  double-acting  machine; 
Brine  system  and  direct  expansion;  Reasons  why  the  brine  circulation 
system  as  applied  by  the  Featherstone  Foundry  and  Machine  Co.  is  be- 
lieved to  be  the  most  desirable  system  to  adopt 216 

Vertical  compressor;  The  consolidated  machine;  Connection  of  the  engine   .  216 
Advantage  of  connecting  the  engine  to  a  cmnk  in  the  center  of  the  shaft; 

The  compressors;  Suction  and  discharge  valves 217 

Suction  and  discharge  pipe;  Piston;  Stuffing  box;  Horizontal  compressor  of 

the  Featherstone  machine,  described  and  illustrated 218 

Condensers;  Ammonia  receives 220 

Coils,  pipes  and  connections;  Tests;  Summary  of  the  results  of  a  test  of  a 

fifty-ton  refrigerating  machine;  Results  of  the  observations         .         .         .  221 
Ice-making;  Change  from  the  plate  system  to  the  distilled  water  system        .  222 
Table  of  ice-making  plants  showing  the  size  of  ice-making  machines,  with 
data  in  regard  to  same ' .         .         .         .  224 

CHAPTER  IV. 
The  Ammonia  Compression  System. 
The  Pennsylvania  Iron  Works  Co.,  and  their  agreement  with  the  estate  of 
the  late  David  Boyle;  The  largest  refrigerating  machine  yet  constructed, 

described  and  illustrated 225 

Diagram  of  a  compressor  and  engine 226 

Boyle  patent  ammonia  compressor,  illustrated 227 

Compressor  lubricating  system,  described  and  illustrated       ....  228 
Boyle  patent  attemperator;  Atmospheric  ammonia  condenser,  described  and 
illustrated 22^ 


CONTENTS.  XVll 

P4GK 

CHAPTER  V. 
The  Ammonia  Compression  System. 
Eclipse  refrigerating  and  ice-making  maciiinery;    The  type  of  machines; 

Single-acting  yereus  double-acting  pumps 231 

Balanced   forces,   single-acting  machines;    Freedom  from  leakage,  single- 
acting;  Standard  compressor;  Standard  machine  complete  with  engine  and 
foundation )  illustrated;  Cylinder  of  the  compressor,  describi:d  and  illus- 
trated; Prominent  and  striking  feature  of  the  design  ....  232 
Water  jacket;  Suction  valve;  The  safety  compressor  head    ....  234 
The  discharge  valve;  Indicator  valve;  Ease  of  access  to  pump  mechanism; 

*^  Bye-pass"  on  gas  pump 235 

Ammonia  condenser;  Description  of  brine  tank 236 

Piping;  Special  claims  made  for  valves  in  the  Eclipse  system  .        .  237 

Ice-making  machinery;  Freezing  tanks;  Wooden  covers  for  cans  and  grating; 

.  Evaporating  coils 238 

Detail  arrangement  of  freezing  tanks  for  ice  factories,  illustrated  .         .        .  239 
The  ice  moulds;  Taking  the  ice  out  of  the  moulds;  Economy  in  use  of  water; 

Water  distilling  syhtem,  illustrated 240 

Improved  '^  Eclipse"  ice  factory,  showing  arrangement  of  complete  factory, 

illustrated 241 

Water-power  ice  plant;  The  "Eclipse"  patent  plate  system          .        .        .  243 
Plate  ice-making  plant,  illustrated 244 

CHAPTER  VI. 

The  Ammonia  Compression  System. 

The  York  machine;  The  compressor  used  on  the  standard  machine  .  246 

Plan  and  elevation  of  a  500-ton  refrigerating  machine 247 

Illustrations  of  York  apparatus 248 

Tests;  Statement  of  what  has  been  done  along  this  line  by  the  York  Manu- 
facturing Co 249 

CHAPTER  VII. 
Anhydrous  Sulphurous  or  Ammonia  System. 

The  Newburgh  Ice  Machine  and  Engine  Company,  and  apparatus  manufac- 
tured by  them;  Anhydrous  sulphurous  machine  designated  as  the  Inde- 
pendent Horizontal  Pictet  compressor;  Possibility  of  the  use  of  copper  and 
brass  in  any  part  of  the  construction,  and  the  advantage  of  this  .         .  251 

Construction  of  the  machine;  Special  features  in  regard  to  valves  .  252 

Self-contained  ice  and  refrigerator  machines,  described  and  illustrated;  Small 
refrigerating  plants,  indirect  or  brine  system,  described  and  illustrated       .  253 

Enclosed  ice-machines,  described  and  illustrated;  Vertical  single-acting 
refrigerating  machines,  illustrated 254 

Water-cooling  outfit,  described  and  illustrated;  Distilling  apparatus,  described 
and  illustrated 255 

Auxiliary  apparatus;  Geared  hand  hoist  and  traveling  crane,  and  automatic 
ice-can  dump,  illustrated 256 


XVlll  CONTENTS. 

•  PlOB 

CHAPTER  VIII. 
The  Carbonic  Anhydride  System. 

J.  &  £.  Hall  Bjstem;  The  principle  of  action  in  this  system;  The  essential 

parts  of  a  machine 258 

Compressor;  Diagram  of  carbonic  anhydride  system;  The  gland    .  .  259 

Device  for  obtaining  superior  pressure;  Separator;  Condenser  .  260 

Evaporator;  Regulating  valve;  Safety  valve,  illustrated  .261 

Joints;  Testing  parts;  Working  pressure 262 

Types  of  machines;  Arrangement  of  the  large  single-type  machine  and  of  the 

large  duplex  machines 263 

j  Smaller  duplex  machines;  Small  vertical  marine  type  machine,  illustrated    .  264 

Smaller  land  type  machine,  illustrated;  Performance  of  machines;  Results  of 

trials  of  one  of  three  machines 265 

Diagrams  of  cooling  water  temperatures 266 

I  Tests  of  a  nominal  4-toQ  ice-machine;  Epitome  of  the  results;  Harmlessness 

of  carbonic  anhydride 267 

I  Carbonic  anhydride  flasks;  Cylinder  or  tank  valve  with  safety  disc,  described 

and  illustrated 268 

! 

'  CHAPTER  IX. 

I  The  Carbonic  Anhydride  System. 

Kroeschell  Brothers  of  Chicago,  Ills.,  and  refrigerating  machines  produced 

by  them;  Stuffing  box  and  Sedlacek' 8  patent  on  details  of  it  .        .269 

Separator;  Construction  of  the  carbonic  anhydride  machine  ....  270 
Standard  pattern  of  horizontal  double-acting  compressor  carbonic  anhydride 

I  system;  illustrated;  Safety-valve 271 

North  Pole  machine,  described  and  illustrated 272 

Application  and  plans  of  operation 274 

Cold  air  circulating  system;   Miniature  carbonic  anhydride  refrigerating 

i  machine  in  connection  with  a  butcher  shop,  illustrated       ....  275 

Advantage  of  the  cold  air  circulating  system;   General  arrangement  of  a 
modem  cold  air  circulating  plant,  described  and  illustrated        .        .        .  277 

j  CHAPTER  X.     • 

The  Compressed  Air  System. 

The  Allen  dense-air  ice  machine,  described  and  illustrated    ....  278 
Utility  of  these  machines;  Arrangement  in  elevation  of  the  various  parts  of 
the  Allen  dense-air  unit;  Plant  using  the  Allen  dense-air  system,  illus- 
trated         .279 

Description  of  the  Allen  dense-air  machine 281 

Conditions  of  operation;  Necessity  of  a  constant  good  water  supply        .        .  282 
Principle  and  method  of  application;  Basis  of  the  working  principle  of  air 
ice  machines;  Compression  and  expansion  of  the  air;  Performance  of  the 
air  in  the  Allen  machine 283 


CONTENTS.  XIX 

PAOB 

Cold  ooDtained  Id  an  air  of  five  atmoepheres  pressure;  The  primer  pump; 
Temperature  at  which  the  air  passes  through  the  conveying  pipes;  Vertiod 
Allen  dense-air  ice  machine,  illustrated;  Data  as  to  the  duty  of  these 
machioea 284 

Test  of  an  AJlen  dense-air  ice  machine;  Data  on  refrigerating  effect;  Data  on 
refrigerating  apparatus 286 

Test  of  refrigerating  apparatus  of  U.  S.  S.  Virginia 286 

CHAPTER  XI. 
The  Ammonia  Absobftiok  System. 
Introduction  of  this  system  by  F.  Carr^  in  1861;  Machine  of  the  Henry  Vogt 
Machine  Co. ;  The  generator  or  retort,  described  and  illustrated  .  287 

Diagram  of  absorption  system  generating  plant  288 

The  heating  surface;  Arrangement  of  the  Yarions  parts  of  the  stand-pipe; 

Passage  of  the  aqua  ammonia 289 

The  rectifier 290 

The  absorber,  described  and  illustrated;  Automatic  regulator;  The  equalizer.  291 
The  ammonia  condenser,  described  and  illustrated;  The  weak  liquor  cooler; 
-  The  standard  ammonia  pump,  described  and  illustrated     ....  293 
Description  of  an  ice  plant  operated  under  the  absorption  system,  illustrated; 

The  principal  apparatus;  The  mediums  used;  Use  of  brine    .    .        .         .  294 
Water  supply;  Passage  of  the  steam;  Course  of  the  ammonia        .                 .297 
Regulation  of  the  flow  of  weak  liquor;  Conveyance  of  the  anhydrous  am- 
monia      * 298 

CHAPTER  XII. 
The  Ammonia  Absobption  System. 
Ransomes  &  Rapier  system;  Method  of  construction,  described  and  illus- 
trated         599 

100-ton  ammonia  absorption  refrigerating  machine,  illustrated  .  300 

Diagram  of  operation;  Details  of  apparatus,  described  and  illustrated;  The 

generator,  rectifier,  exchanger,  absorber,  and  condenser    ....  301 
Flow  of  the  strong  liquor  from  the  exchanger;  Passage  of  the  ammonia  gas.  302 
Construction  of  the  absorber;  Compensation  valve  for  the  brine  pump,  illus- 
trated; Operative  results  and  tests 303 

Total  steam  consumption  of  the  machine 304 

.      CHAPTER  XIII. 
The  Ammonia  Absorftiov  System. 
The  Polar  refrigerating  machine  produced  by  the  Isbell-Porter  Co.;  Descrip- 
tion of  the  machine,  illustrated;  The  still  and  its  constituent  parts;  Lique- 
faction of  the  anhydrous  vapor;  Passage  of  the  liquid  ammonia  .        .  306 

The  polar  absorber,  illustrated 308 

Construction  of  the  machine;  The  polar  brine  cooler,  illustrated  .                 .  309 
Operation  of  the  machine;  Efficiency 310 


XX  CONTENTS. 

PAGE 

CHAPTER  XIV. 
The  Ammonia  Absobption  System. 
Test  of  Carbondale  ice-plant;  Details  of  plant;  Capacity  of  the  plant;  Struct- 
ure in  which  the  ice-plant  is  housed;  Tank  and  machinery  rooms;  Freez- 
ing tank    311 

Storage  rooms;  Boiler;  Triplex  pumpe 312 

Bating  of  freezing  machinery;  Type  of  generator;  Keclifier;  Water  supply.  313 
Operating  details  and  test;  Kesults  of  test 314 


PART  III. 

STRUCTURAL  INSULATION. 

What  perfection  in  insulation  implies;  What  imperfect  insulation  means; 
Loss  involved  in  practice  by  the  best  results  obtained;  Diffioulty  to  know 

what  good  insulation  is 315 

A  feature  frequently  not  properly  looked  to;  On  what  the  efficiency  of  in- 
sulation depends;  What  the  problem  involves;  A  few  fundamental  sugges- 
tions; Materials  that  should  not  be  used 316 

Qualities  of  suitable  materials;  The  best  insulation;  Relative  value  of  mate- 
rials as  non-conductors  of  heat  317 

Plans  for  structural  insulation;  Plans  for  various  insulations  for  cold  storage 

buildings  endorsed  by  the  Fred.  W.  Wolf  Company,  illustrated         .        .  318 
Insulating  values  assigned  to  these  structures;  The  De  La  Vergne  system;. 
Plans  advocated  by  the  De  La  Vergne  Machine  Co.;  Insulation  for  refrig- 
erators for  hotels  and  restaurants,  illustrated      .  .        .'      .         .  320 

Insulation  for  brick  building,  illustrated 821 

Insulation  for  wooden  building,  illustrated    ,....,,  323 

Insulation  for  brick  building,  illustrated 324 

The  Frick  Company  and   plans  recommended  by  them;  Insulation  for  a 

freezing  tank,  illustrated 325 

Plans  of  Mr.  John  Levey;  Insulation  for  rooms  in  wooden  buildings  not 
carried  below  30°  F.  and  for  rooms  carried  to  32°  F.,  illustrated       .         .  328 

Insulation  for  brick  buildings,  illustrated 329 

Insulation  for  freezing  rooms,  illustrated 330 

Fire-proof  construction,  illustrated 331 

Insulation  of  freezing  tanks  and   brine  tanks,  illustrated;   Plans  by  Mr. 

Madison  Cooper 332 

Modem  high  class  insulation 333 

Insulation  for  brick  building,  illustrated 334 

Insulation  for  frame  building,  illustrated 335 

Refrigerator  doors;  The  Jones  automatic  door,  described  and  illustrated       .  337 
The  Jones  refrigerator  door,  described  and  illustrated;  Details  of  refrigerator 

door 338 

Hinges 339 

The  Jones  adjustable  spring  hinge,  described  and  illustrated;  The  fastener   .  340 


CONTENTS.  XXI 

The  Jones  aatomatic  fastener,  described  and  illustrated;  Insalation;  Varioos 

methods  of  insulation 341 

Lith  and  linofelt 342 

Results  of  tests  of  the  insulation  values  of  different  combinations  of  materials; 
Inyestigations  of  structural  Insulation;  Apparatus  for  this  purpose  of  the 

Nonpareil  Cork  Manufacturing  Co. 343 

Method  of  determining  the  heat  conductivitj  of  any  insulating  construction.  344 
Value  for  the  efficiency  in  heat  units  transmitted  per  degree  difference  in 
temperature  per  square  foot  of  surface  for  various  combinations;  Nonpareil 
cork  construction;  Solid  construction;  With  air  space,  illustrated  .  345 

Sterilized  pumice  construction,  illnstrated 347 

Pitch  construction,  illustrated;  Mill  shaving  and  mineral  wool  construction, 
illustrated 348 


PART  IV. 

USEFUL  INFORMATION  AND  TABLES. 

CHAPTER  I. 

Practical  Remarks  on  Ice-Makino. 

Determination  of  the  operating  expenses;  Purity  of  machine-made  ice;  Use 
of  chemically  pure  water:  Impurities  in  natural  ice 349 

Sources  of  the  best  natural  ice;  Cost  of  cutting  and  handling  natural  ice  and 
loss  by  waste  and  meltage;  Advantage  of  manufactured  ice        .         .         .  350 

What  is  needed  to  establish  an  ice  factory;  Water  supply;  Ice-factory  build- 
ings; Compartments  into  which  the  building  should  be  divided         .         .  351 

Cold  storage;  Boiler  power;  Ice  cans  or  moulds;  Traveling  crane  and  ice-can 
hoist 352 

Running  an  ice  factory;  Cleanliness;  The  ice  factory  crew;  Operating  ex- 
penses         353 

Table  of  approximate  cost  of  operating  ice  factories 354 

CHAPTER  II. 
Tables  of  Temperatures  and  Rates  of  Storaob. 

Table  of  temperatures  for  preserving  products 355 

Table  of  temperature  for  cold  storage 356 

Mechanical  refrigeration — rates  from  principal  cold  storage  houses        .        .  357 

CHAPTER  in. 
Comparison  of  Thermometer  Scales. 
Fahrenheit  and  C^itlgrade;    Readings   for   boiling  and    freezing    points; 
Methods  of  calculation;    To  obtain  equivalent  values  for  degrees;   In 

general 359 

Examples;  To  obtain  corresponding  temperature  readings;  Examples  .        .  366 


i 


XX 11  CONTENTS. 

PAGE. 

CHAPTER  IV. 

AUXIUART  APPARATD& 

Ice  cans;  Hoiflta  and  trayeling  cranes StiS- 

Ice  dump;  Filling  cans;  Float  device 3G0 

Wall  device  . 37^ 

Filters  and  filtration;  The  International  Filter,  described  and  illustrated      .  371 

Directions  for  using  the  International  Filter 373^ 

Ammonia  distiller  and  purifier,  described  and  illuf^trated      ....  37& 

Attemperators;  Flat  coil  attemperator,  dei<cribed  and  illustrated  .        .         .  377 

Wolf  cylindrical  attemperator,  described  and  illustrated        ....  378 

CHAPTER  V. 
Tables  or  Ammonia  akd  Comprebbor  Capacitt. 

Average  values  of  machines  and  water  consumption  for  ammonia  compres- 
sion systems 380 

Properties  of  saturated  ammonia 381 

Cubic  feet  of  ammonia  gas  per  minute  to  produce  one  ton  of  refrigeration  per 
day;  Solubility  of  gases  in  water 382 

Horse  power  per  ton  of  refrigeration— condenser  pressure  and  temperature; 
Horse  power  required  to  compress  one  cubic  foot  of  ammonia  per  minute.  383 

Table  showing  refrigerating  effect  of  one  cubic  foot  of  ammonia  gas  at  differ- 
ent condenser  and  suction  (back)  pressures  in  B.  T.  units;  Table  of  given 
number  of  cubic  feet  of  gas  that  must  be  pumped  per  minute  at  different 
condenser  and  suction  pressures  to  produce  one  ton  of  refrigeration  in 
twenty-four  hours 384 

CHAPTER  VI. 

Chabgiko  Ammonia  Compression  Plant. 

Supplying  the  first  charge;  Supplying  additional  charge  ....  385 
Position  of  tank  to  be  emptied,  illustrated;  Specific  directions  for  supplying 

first  charge,  described  and  illustrated c85 

Starting  the  engine  and  compressor;  Testing  joints  for  leaks  .         .  387 

Type  of  gauges  usually  employed;  Starting  the  gas  pump  .        .        .388 

Attaching  a  shipping  tank  of  ammonia;  Passage  of  the  gas  ....  390' 

CHAPTER  VII. 

Charging  and  Working  a  Carionic  Anhydride  Plant. 

Before  charging;  Charging;  Blowing  the  itir  out  of  the  system;  Means  of 

making  the  slightest  leaks  visible 391 

Gauges;  Working  conditions;  Brine 392 

Compressor  piston;  Valves;  Test;  Gland,  and  packing  it  ...  .  393- 
Separator;  Glycerine;  Strainer^  Stopping  and  starting;  Speed;  Leakage  .  394 
To  examine  compressor;  Extended  ^hut-down;  Supply  of  stores;  Conclusion.  39& 


CONTENTS.  XXIU 

PAOB 

CHAPTER  VIII. 
The  Effect  of  Carbonic  Anhydride  on  Human  Health  and  Life. 

Experiments  of  Dr.  Mnreet;  Conclusions  of  Paul  Pert  that  death  caused  bj 
breathing  air  heavily  clinrge<l  with  carbonic  anhydride  is  due  to  want  of 
oxygen;  Experimentn  by  Dr.  Ton  Pettenkofer  and  Professor  Emmerich  as 
to  the  proportion  of  this  gas  which  can  be  breathed  with  impunity    .        .  396 

A  safeguard  ensily  applied;  Not  the  least  inconvenience  to  the  workmen  in 
common  practice 397 

CHAPTER  IX. 
The  Thermophone. 

Definition  and  construction  of  the  thermophone,  and  its  value  in  determining 
the  temperature  of  a  distant  or  inacces-^ible  place;  Principle  upon  which 
the  resistance  methods  for  the  determination  of  temperatures  are  based     .  398 

Operation  of  taking  a  temperature-reading  with  the  thermophone  .  399 

CHAPTER  X. 

Water,  Ice,  and  Steam. 

Composition  of  watcrjuCombiistinn;  Boiling  and  freezing  points;  Latent  heat.  401 

Specific  gravity,  nnd  mode  of  obtaining  it 402 

Sj»eciiic  heat;  Metric  system;  Miscellaneous 403 

CHAPTER  XL 

Liquid  Air. 

Relation  between  the  subject  of  liquid  air  and  refrigeration;  Critical  tem- 
perature and  pressure 405 

Reduction  of  temperature;  Means  of  reducing  temperature  ....  406 
Freezing  mixtures;  Pressure;  Li<iuefaction  of  gases;  Faraday^s  method  .  .  407 
The  series  method  of  liquefaction  of  gases;  Stages  Of  this  process  .         .         .  408 

Method  of  operation,  described  and  illnst rated 409 

Method  of  to-day  of  liquefaction  of  gases;  Difference  between  mechanical 
efficiency  and  commercial  efficiency;  Methods  of  liquefying  with  the  use 

of  air  as  the  medium 411 

Other  methods  of  liquefying;  Prof.  Linde's  process,  described  and  illustrated.  412 
Regenerative  process  of  air  liquefaction  illustrated  by  entropy-temperature 

diagram,  and  liquefaction  apparatus 416 

Future  utility  of  liquid  air;  Use  of  liquid  air  for  blasting  purposes  .  420 

Shipping  and  handling  liquid  air;  Facts  that  suggest  hidden  mysteries  of 

the  future;  Effect  of  liquid  air  on  various  materials 421 

Effects  of  liquid  air  upon  chemical  affinity;  Change  in  electrical  properties; 

Recent  record  of  liquid  air 422 

Extracts  from  an  article  by  Allan  MacFadyen,  M.  D.,  M.  B.,  Ch.  M.,  on 

"TheEffectsof  Low  Temperature  upon  Organic  Life"    .        .        .        .423 
Index 427 


i 


PART  I. 

PRINCIPLES  AND  GENERAL   CONSIDERA- 
TION OF  THE  SUBJECT. 


CHAPTER  I. 
HISTORICAL. 


That  we  live  in  an  age  of  progress,  calls  for  no  demonstra- 
tion. New  ideas  are  being  constantly  developed,  and  new 
industries  are  springing  up  tending  to  the  uplifting  of  man- 
kind. One  of  the  greatest  achievements  of  this  remarkable 
age,  one  destined  to  be  far-reaching  in  its  results,  is  the  pro- 
duction of  practical  and  commercially  successful  machinery 
for  the  manufacture  of  artificial  ice  and  for  mechanical  refrig- 
eration. While  the  art  is  already  well  established,  what  has 
already  been  done  is  but  a  step  in  the  field  over  which  it  is  to 
be  extended  in  the  future.  There  is  bound^  to  be  an  increas- 
ing demand  for  its  application  in  places  where,  without  it,  ice 
would  be  practically  unknown,  for  transportation  of  perishable 
merchandise,  both  by  land  and  sea,  for  cold  storage  ware- 
houses, and  for  packing  houses. 

The  artificial  production  of  ice  cannot  be  claimed  as  a  mod- 
ern achievement.  Ages  ago,  in  India,  water  was  frozen  in 
shallow,  porous  earthen  dishes,  resting  on  some  non-conducting 
material,  as  straw  or  grass,  by  being  exposed  to  currents  of  air 
during  the  night. 

It  is  a  comparatively  old  story  to  cool  or  freeze  liquids  by 
dropping  saltpetre  in  water  or  mixing  salt  with  ice  or  snow, 
the  method  commonly  employed  for  freezing  ice-cream  and 

ices. 
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The  up-to-date  method  of  producing  ice,  or  refrigeration, 
involves  the  operation  of  improved,  compact  and  efficient 
apparatus  by  means  of  high-class  compound  or  multiple  ex- 
pansion condensing  engines. 

The  progress  from  the  methods  of  India  to  those  of  to-day 
was  not  by  any  means  sudden.  There  has  been  a  gradual 
growth,  and  the  honor  for  success  can  be  attributed  to  no 
single  individual.  The  lion's  share  of  the  credit,  however,  as 
might  be  expected,  belongs  not  only  to  the  19th  century,  but 
particularly  to  the  latter  part  of  the  same.  A  few  of  the 
names  of  the  earlier  individuals  who  are  to  be  recognized  in 
the  history  of  the  art,  with  a  date  to  indicate  the  time  of  their 
period  of  activity,  is  all  we  feel  permitted  to  present  here. 
Among  these  are  to  be  mentioned  Blasius  Villefranca,  1550 ; 
Latinus  Tancredus,  1607;  Dr.  Cullen,  1755;  Leslie,  1810; 
Vallance,  1824  ;  Kiugsford,  1825  ;  Perkins,  1835 ;  John 
Gorrie,  1850;  Nesmond,  1852;  Twining,  1855;  F.  Carr^, 
1860  and  1861;  Tellier,  1861  and  1872;  Kirk,  1861  and 
1863;  Pictet,  1863;  0.  Kropff,  1864;  Windhausen,  1869; 
Prof.  Linde,  1875. 

Many  names  could  be  added  to  this  list,  esj)ecially  if  the 
attempt  were  made  to  include  those  who  have  attained  prom- 
inence during  the  past  few  years. 

The  principles  involved  in  the  process  of  mechanical  refrig- 
eration are  as  simple  as  they  are  ingenious.  The  results 
obtained  may  seem  incompatible  with  the  methods  pursued, 
as  for  instance,  to  obtain  ice  or  to  cool  a  room  by  the  use 
of  apparatus  whose  primary  motive-power  is  obtained  from 
heat.  Before  any  of  the  wheels  are  turned,  all  the  parts 
of  the  system  may  be  at  the  normal  temperature  of  the  sur- 
roundings. Furthermore,  heat  flows  from  a  warmer  to  a 
cooler  body,  never  the  reverse.  How  then  can  one  part  of 
the  system  be  reduced  in  temperature  below  the  rest?  Here 
is  where  the  mystery  lies. 

The  first  step  towards  the  solution  of  the  mystery  lies  in  the 
consideration  of  the  fact  that  all  the  bodies  in  the  system  are 
not  in  the  same  state  or  condition  of  matter  at  the  normal 
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temperature  of  the  surroundings  found.  In  different  parts 
of  the  system  there  will  probably  be  found  bodies  from  each 
of  the  three  states  or  conditions,  the  solid,  the  liquid,  and  the 
gaseous.  Some  bodies  may  be  made  to  assume  each  of  the 
three  states  of  matter  without  undergoing  a  change  in  their 
nature  or  chemical  composition.  We  are  all  familiar  with  the 
transformation  which  water  may  be  made  to  undergo,  and  the 
methods  required  to  produce  the  results.  Water,  for  instance, 
a  liquid,  by  being  heated  may  be  changed  to  steam,  a  gas,  or 
by  being  cooled,  or  having  heat  taken  away,  may  be  changed 
to  ice,  a  solid.  This  we  are  all  familiar  with  as  going  on 
under  the  conditions  of  the  ordinary  atmospheric  pressure. 
We  know  then  that  the  amount  of  heat  a  body  contains  has  a 
bearing  on  the  fact  as  to  whether  it  is  a  solid,  a  liquid  or  gas. 
It  is  also  a  fact  that  the  pressure  to  which  a  body  is  subjected 
tends  to  influence  the  state  in  which  a  body  is  found.  An  in- 
crease in  pressure  tends  to  reduce  a^ody  from  a  gaseous  to  a 
liquid  or  a  solid  state.  An  increase  in  the  pressure  acts  con- 
trary to  an  increase  in  the  temperature  or  in  the  heat  which  a 
body  contains.  Accordingly  some  bodies  that  at  normal  tem- 
perature and  atmospheric  pressure  are  gaseous,  may  be  reduced 
to  a  liquid  by  an  increase  in  pressure.  Furthermore,  with  the 
pressure  unchanged,  a  body  to  pass  from  the  liquid  to  the  gas- 
eous state  must  receive  heat. 

Let  us  consider  for  a  moment  the  conditions  involved  in 
the  method  referred  to,  of  obtaining  ice  so  long  ago  in  India. 
It  may  be  readily  surmised  that  evaporation  had  considerable 
to  do  w^ith  the  results  obtained.  In  fact,  it  had  all  to  do  with 
it.  The  currents  of  air  assisted  the  evaporation,  by  carrying 
oflf  the  water  vapor  that  was  formed.  Heat  was  needed  to 
change  to  vapor  whatever  water  was  evaporated.  This  heat 
was  of  course  given  up  principally  by  water  remaining  in  the 
containing  vessel.  Thus  the  water  was  cooled,  and  if  the  pro- 
cess was  continued  suflBciently,  a  thin  layer  of  ice  could  be 
obtained  on  the  surface. 

We  shall  see  that  the  principles  involved  in  the  modern 
methods  are  much  the  same  as  outlined  above.     The  process 
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has  simply  been  condensed  and  brought  into  compact  form 
and  under  control. 

The  elementary  principles  of  the  subject  are  included  under 
the  titles  Methods  of  Generation  and  Methods  of  Appli- 
cation, while  the  raiaon  d'etre  is  found  in  the  Applications, 
of  which  one  of  the  most  important  is  Ice-making. 

The  systems  of  generation  that  have  survived,  and  that  may 
be  regarded  as  commercially  successful,  are  respectively,  the 
absorption  system  and  the  compression  system. 

Under  the  absorption  system,  tlie  method  employing  am- 
monia is  the  only  one  to  be  considered.  Under  the  compres- 
sion system  may  be  included  the  ammonia  compression  system, 
the  sulphur  di-oxide  system,  the  carbonic  anhydride  system, 
and  the  compressed  air  system. 

Methods  of  application  are  classified  as  direct  and  indirect. 
In  the  direct  method  the  refrigeration  of  the  pipes  CQnveying 
the  refrigerant  are  located  at  the  place  where  the  refrigeration 
is  desired.  In  the  indirect  method  the  refrigeration  is  effected 
by  means  of  a  secondary  medium,  which  has  previously  been 
reduced  in  temperature  by  the  action  of  the  primary  refrig- 
erating medium. 

There  are  two  distinct  classes  of  the  indirect  method,  re- 
spectively employing  brine  and  air  as  the  secondary  medium. 

Ice-making  is  a  special  application  of  particular  importance 
of  the  indirect  brine  system. 

statistics. 

For  the  benefit  of  those  who  delight  in  statistics  we  give 
herewith  a  few  selected  from  an  extended  compilation  by  Mr. 
E.  H.  Balzhiser. 

Consumption  of  natural  ice  in  New  York  Zone  : 

From  1880  to  1890,  1,500,000  tons  per  annum. 

Present  rate  (1906),  300,000  tons  per  annum. 

Average  production  in  Hudson  River  and  Maine  Zones: 

1890-1899,  4,135,000  tons  per  annum. 

1900-1905,  3,613,000  tons  per  annum. 

The  difference  plus  the  increase  in  consumption  is  taken 
care  of  by  machine  production. 
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DATA   FOR  UNITED  STATES. 

Record  far  Year  1899, 

Natural.  Machine.  Total. 

Ice  production— tons 21 ,000,000  8,000,000  29,000,000 

Wastage--e8timated 36  per  cent.        6  per  cent. 

Consumption 21,250,000 

Estimated  population 75,000,000 

Consumption  per  capita,  566f  lbs. 

RELATIVE  DATA  FOR  DIFFERENT  SEC  1  IONS  OP  COUNTRY. 

Rocky M. 
Southern     Northern      States 
States.        States.      and  Ter.      U.  S. 

Production  of  Machine  Ice  for  1 905 36.4  %     67.3  %     6.3  %      100  ^ 

Proportion  of  Machinery  used  for  Ice  .  •  75     **      27     "  43  ** 

Total  capacity  of  Plants— tons  per  day . .  72,000 

Capacity  for  U.  S.  possessions  and  for  Canada,  each  about  1600  tons 
per  day. 

VALUE  OF  MACHINE  ICE. 

Wholesale  value  per  ton  on  platform. 

Year.  Southern  Zone.  U.  8. 

1870 116.00  — 

1880 7.50  — 

1800 6.00  3.09 

1900 3.74  — 

1906 —  2.13 

COST  OF  ICE  IN  U.  8. 

Cost  per  ton. 
Production  on 
Year.  Kind.  platform.  Deliver>'-  Total. 

1889,  Natural $1.76  $1.90  $3.66 

1906,  Natural  and  Machine. .  - .     1.61  2.12  3.73 

Increased  cost  of  delivery  is  attributed  to  the  extension  of  cities  and 
the  effect  of  introduction  of  refrigerating  machinerj'. 

RELATIVE  CONSUMPTION  OP  NATURAL  AND  MACHINE  ICE  FOR 

CINCINNATI. 

Year.  Per  cent.  Natural.  Per  cent.  Machine. 

1889 76  per  cent.  24  per  cent. 

1906 10        **  90        ** 

GROWTH  OF  MANUFACTURED  ICE  INDUSTRY. 

Average  Value  per  Plant. 
Year.  Capital  Invented.  Product. 

1880 $36,749  $15,565 

1890 44,353  22,077 

1900 48,544  17,630 

Falling  off  in  value  of  product  is  attributed  to  extension  of  industry 
northward.  The  reduction  in  price  of  product  also  would  seem  to  have 
a  bearing  on  this. 
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DATA  ON  REFRIGERATION  AND  GOLD  STORAGE. 

Total  cold  etoraRe  8i)ace  (U.  S.  and  Canada) 206,00i),000  cu.  ft. 

Refrigerator  and  icing  cars— number  in   U.  8.  and 

Canada 75,000 

Befrigerated  steamships— number  in  world 560 

Refrigerating  machines  (1905),  U.  8.  and  Canada- 
Refrigerating  capacity 354,000  tons  per  day. 

Number  of  machines 9,03(1 

.  **  *'  Alaska  and  Yukon 14 

**  **  Canada 194 

Largest  single  unit  (Swift  &  Co.,  C'hieago),  rated. .         750  tons  per  day. 
Next  largest,  2  units  (Armour  &  Co.,  Chicago), 
each  rated 600  tons  per  day. 

MACHINES    AND   SYSTEMS. 

The  machines  and  systems  in  use  include  the  compression 
system,  the  absorption  system,  and  systems  using  ice  and 
brine.  The  rating  for  production  for  these  systems  is  as  fol- 
lows : 

Compression  system 70  per  cent. 

Absorption  system 25  per  cent. 

Other  systems 5  per  cent. 

The  fact  that  there  are  eleven  machines  in  use  in  Alaska 
emphatsizes  the  well-recognized  fact  that  the  use  of  refrigerating 
machinery  is  not  necessarily  determined  from  the  standpoint 
of  the  cost  of  natural  ice,  but  rather  by  the  fact  that  by  its  use 
results  can  be  obtained  that  cannot  be  obtained  in  any  other 
way. 


CHAPTER  II. 

METHODS  OF  GENERATION. 

THE    ABSORPTION    SYSTEM. 

The  characteristic  feature  of  the  Absorption  System  is  sug- 
gested by  the  name.  The  principle  involved  is  the  absorption 
of  ammonia  vapor  or  anhydrous  ammonia  by  water.  Anhy- 
drous means  destitute  of  water.  Pure  anhydrous  ammonia  at 
normal  temperature  and  pressure  is  a  colorless,  pungent  gas 
made  up  of  one  part  of  nitrogen  and  three  parts  of  hydrogen. 
Ordinary  ammonia,  so-called,  is  aqua  ammonia  consisting  of 
a  solution  of  water  with  about  10  per  cent,  of  ammonia,  which 
would  register  about  16°  Baum^.  Strong  aqua  ammonia  is 
used  in  the  absorption  system  consisting  of  a  solution  of  water 
and  about  29.5  per  cent,  of  ammonia,  registering  26°  Baum^, 
with  a  specific  gravity  of  0.897. 

The  series  of  operations  involves  four  distinct  stages  or  pro- 
cesses, respectively  :  the  Generation  of  vapor ;  the  Conden- 
sation of  vapor ;  the  Evaporation  or  Expansion  of  liquid, 
and  the  Absorption  of  vapor. 

The  absorption  process  consists  of  the  formation  of  strong 
aqua  ammonia  by  the  reunion  of  anhydrous  ammonia  and 
weak  aqua  ammonia  which  have  been  separated  in  the  gener- 
ation process.  These  two  processes  are  characteristic  of  the 
absorption  system.  The  processes  of  condensation  and  expan- 
sion are  common  to  other  systems,  and  do  not  involve  appar- 
atus peculiar  to  the  absorption  system. 

At  the  start  the  aqua  ammonia  is  pumped  from  the  iron 
drums  in  which  it  is  delivered  into  the  generator.  The  gen- 
eration involves  through  the  application  of  heat  to  the  gen- 
erator the  driving  off  of  ammonia  vapor,  bringing  up  the 
pressure  to  from  120  to  160  pounds  per  square  inch.     Am- 
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monia  driven  off  is,  of  course,  in  the  form  of  vapor.  At  this 
pressure,  by  cooling,  it  may  be  reduced  to  a  liquid.  This  is 
done  in  the  next,  the  condensation  process.  For  this  purpose 
a  condenser  is  used  in  which  the  ammonia  is  conducted 
through  pipes  which  are  brought  in  contact  with  cold  water, 
either  by  having  the  water  trickle  over  them,  by  being  im- 
mersed in  a  tank  with  water,  or  with  the  pipes  with  ammonia 
arranged  to  enclose  other  pipes  with  water.  Circulation  of 
water  is,  of  course,  necessary  for  continuous  operation.  The 
ammonia  gas  gives  up  heat  to  the  water,  and  is,  in  conse- 
quence, condensed  to  a  liquid. 

In  the  next,  the  expansion  process,  the  refrigeration  is 
produced.  This  of  course  is  to  be  carried  out  according  to 
the  circumstances  as  in  any  other  process.  In  this  process 
the  liquid  ammonia  is  allowed  to  pass  through  a  valve  which 
should  be  properly  regulated  into  the  net-w^ork  of  pipes  in 
the  refrigeration  chamber.  The  pressure  in  the  expansion, 
pipes  is  maintained  low.  The  liquid  ammonia  at  a  high 
pressure,  on  admission  to  this  system  with  low  pressure, 
changes  from  a  liquid  to  a  vapor.  The  temperature  at  which 
this  vaporization  takes  place  depends  upon  the  pressure.  As 
the  pressure  is  low  the  temperature  of  vaporization  is  also 
low.  The  heat  required  for  vaporization  is  taken  from  the 
inclosing  pipes,  which  in  turn  receive  the  heat  from  the  sur- 
rounding space  and  goods,  thus  effecting  the  refrigeration 
desired. 

The  low  pressure  in  the  refrigerating  coils  is  maintained  by 
the  absorption  of  the  anhydrous  ammonia  by  the  weak  aqua 
ammonia,  which,  after  being  deprived  of  anhydrous  am- 
monia in  the  generator,  is  delivered  to  the  absorber,  in  the 
ABSORPTION  process.  The  strong  aqua  ammonia  thus  formed 
in  the  absorber  is  delivered  by  a  pump  to  the  generator, 
where  it  is  ready  to  go  through  the  same  series  of  operations 
again. 

It  is  to  be  noticed  that  the  only  mechanically  operated 
feature  of  the  absorption  system  is  the  pump  used  to  pump 
the   aqua   ammonia   into   the   generator.     As  this  is  but  a 
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diminutive  affair,  it  will  be  seen  that  this  system  shows  a  de- 
cided contrast  to  the  methods  employed  by  the  compression 
system,  in  which  mechanical  operation  really  constitutes  the 
base  of  the  system. 

In  practical  operations,  other  features  are  introduced  to  im- 
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DIAGRAM  OF  THE  ABSORPTION  SYSTEM. 

A.  Wet  ammonia  gas  from  generator. 

B.  Drain-pipe  ftom  rectifier. 

C.  Anhydrous  ammonia  gas  to  condenser. 

D.  Expansion  valve  for  anhydrous  liquid  ammonia. 

E.  Ammonia  gas  to  absorber. 

F.  Wealc  liquor  from  generator  to  exchanger. 

G.  Weak  liquor  regulating  valve. 
H.  Strong  liquor  to  pump. 

J.  strong  liquor  through  exchanger  to  generator. 

K.  Steam  inlet. 

L.  Condensed  steam  outlet  to  steam-trap. 

M.  Brine  inlet. 

N.  Brine  outlet. 

O,  P,  Q,  R,  S.  Cooling  water  circuit. 

prove  efficiency  and  economy.  Two  of  these  are  shown  in 
the  diagram  shown  in  Fig.  1,  namely,  the  rectifier  and  the 
heat-exchanger.  The  function  of  the  rectifier  is  to  precipi- 
tate moisture,  so  as  to  improve  the  anhydrous  qualities  of  the 
vapor.     The  heat-exchanger  is  utilized  to  economize  heat  by 
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means  of  transfer  of  heat  from  the  weak  liquor  to  the  strong 
liquor.  The  weak  liquor  is  en  route  from  the  generator, 
where  it  has  been  subjected  to  heat,  to  the  absorber,  where  it 
is  to  be  subjected  to  a  reduction  in  temperature  by  means  of 
water  circulation.  The  conditions  in  regard  to  the  strong 
liquor  are  of  course  just  the  reverse.  Accordingly,  any  heat 
transferred  from  tlie  strong  liquor  to  the  weak  liquor  repre- 
sents just  so  much  gain  in  economy.  • 

The  brine  cooler  shown  represents  an  apparatus  used  in  one 
method  of  utilizing  the  refrigerating  effect,  in  which  the  brine 
is  cooled  by  the  primary  cooling  medium,  which  in  turn  is 
circulated  to  produce  the  refrigeration  desired.  This,  in  ac- 
cordance with  the  statement  made  above,  is  not  peculiar  to 
the  absorption  process. 

Following  the  diagram  shown  in  Fig.  1,  the  process  is  as 
follows  :  The  ammonia  vapor,  which  is  evaporated  in  the  brine 
cooler  by  the  extraction  of  heat  from  the  brine,  passes  into 
the  absorber  by  the  pipe  E.  Here  it  is  absorbed  by  the  weak 
liquor,  being  cooled  meanwhile  by  the  circulating  water,  as 
the  liquor  only  takes  up  ammonia  at  a  low  temperature.  The 
liquor  is  withdrawn  by  the  ammonia  pump  and  forced  into 
the  heat-exchanger.  In  this  vessel,  as  stated  above,  it  ab- 
stracts heat  from  the  weak  liquor,  attaining  the  double  object 
of  increasing  its  own  temperature  and  diminishing  that  of  the 
weak  liquor.  The  heat-exchanger  is  also  provided  with  water 
circulation,  which  still  further  cools  the  weak  liquor  in  readi- 
ness for  the  absorption  process.  From  the  heat-exchanger  the 
strong  liquor  passes  into  the  generator  on  the  pipe  J,  This 
vessel  is  provided  with  a  steam  circulation,  which  still  further 
raises  the  temperature  of  the  strong  liquor,  driving  off  the 
ammonia  as  vapor,  and  leaving  the  liquor  weak.  This  is  the 
source  of  the  weak  liquor,  which  we  have  seen  cooled  in  the 
exchanger  and  then  used  in  the  absorber. 

THE    AMMONIA    COMPRESSION   SYSTEM. 

Of  the  systems  of  artificial  production  of  ice  and  mechan* 
ical  refrigeration  in  extensive  use  to-day,  the  ammonia  com- 
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pression  system  undoubtedly  occupies  a  pre-eminent  position. 
The  medium  or  refrigerant  used  is  anhydrous  ammonia. 

The  process  consists  of  a  complete  cycle  involving  three 
successive  steps.  They  are  called  respectively  compression, 
CONDENSATION  and  EXPANSION.  Thcsc  three  steps  are  made 
continuous,  and  are  constantly  repeated.  The  ammonia  is 
kept  confined.  Thus  the  same  ammonia  is  used  repeatedly, 
the  supply  simply  being  replenished  from  time  to  time,  as 
losses  unavoidably  occur. 

At  the  beginning  the  ammonia  is  in  the  form  of  vapor,  and 
at  not  far  from  the  atmospheric  pressure  and  temperature. 

For  the  compression  process  a  compressor  is  used,  which  is 
nothing  more  or  less  than  a  specially  designed  pump.  The 
compressor  is  used  to  compress  the  ammonia  vapor  to  a 
pr^sure  of  from  125  to  175  pounds  per  square  inch.  The 
vapor  in  the  beginning,  as  in  the  case  of  bodies  in  general, 
contained  a  certain  amount  of  heat.  After  compression  it  con- 
tains practically  this  same  amount  of  heat  and  in  addition  the 
heat  representing  the  equivalent  of  the  work  of  compression. 
In  this  condition  the  ammonia  is  still  maintained  in  the  state 
of  vapor  or  gas,  notwithstanding  the  high  pressure,  owing  to 
its  containing  what  is  called  excess  heat.  Hence  at  the  end 
of  the  compression  process,  the  ammonia  is  still  a  gas  or  vapor. 

The  next,  or  condensation,  process  consists  in  removing 
this  excess  of  heat.  For  this  process  a  condenser  is  used. 
This  consists  of  an  arrangement  of  pipes  for  the  ammonia,  in 
contact  with  cold  water.  The  ammonia  gives  up  the  excess 
of  heat  to  the  cold  water,  and  is  in  consequence  reduced  to  a 
liquid. 

It  is  in  the  expansion  process  that  the  refrigeration  is  pro- 
duced. What  might  here  be  called  the  refrigerator  consists 
of  a  net-work  of  pipes  arranged  according  to  results  desired. 
The  compressor  draws  its  supply  of  ammonia  from  these  pipes. 
In  consequence  the  pressure  in  the  same  is  maintained  com- 
paratively low,  being  possibly  from  25  to  55  pounds  per  square 
inch.  The  liquid  ammonia  at  the  high  pressure  given  is 
allowed  to  enter  these  pipes  with  low  pressure.     The  result  is 
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that  the  ammonia,  being  relieved  of  the  high  pressure,  changes 
from  a  liquid  to  a  vapor,  at  a  low  temperature,  corresponding 
to  the  pressure.  The  heat  of  vaporization  is  absorbed  from 
the  enclosing  pipe  system.  As  the  pipes  are  supposed  to  be 
arranged  in  the  spaces  to  be  cooled,  these  supply  the  heat 
which  the  ammonia  absorbs,  thus  becoming  reduced  in  tem- 
perature and  accomplishing  the  results  desired. 

Fio.  2. 


DIAQRAM  OF  THE  COMPRf^SSION  SYSTEM. 

The  process  will  be  readily  understood  from  the  diagra 
shown  in  Fig  2. 


im 


ANHYDROUS  SULPHUROUS  DI-OXIDE  SYSTEM. 

The  general  distinction  of  the  anhydrous  sulphurous  di-oxide 
system  as  regards  the  ammonia  compression  system,  is  simply 
in  the  medium  or  refrigerant  used,  which  is,  as  may  be  in- 
ferred from  the  name,  sulphurous  di-oxide.  From  its  chemi- 
cal symbol  SO2,  it  is  seen  that  it  consists  of  one  part  of  sulphur 
to  two  parts  of  oxygen. 

The  working  pressure,  however,  in  the  SO,  system  is  less 
than  that  of  the  ammonia  system  by  from  one-half  to  onerthird. 
Furthermore,  there  is  a  difference  in  the  effect  of  the  two  ma- 
terials upon  metallic  substances.  Thus,  ammonia  has  a 
peculiar  action  upon  copper  and  alloys  of  copper,  as  brass. 
Consequently,  iron  or  steel  must  be  used  in  parts  of  the  system 
that  come  in  contact  with  the  ammonia.  As  SOa  has  no  such 
effect  on  any  of  the  metals  that  have  been  mentioned,  this 
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material  may  be  used  in  apparatus  using  ammonia  and  in 
cases  where  ammonia  could  not  be  used.  Accordingly,  copper 
pipes  may  be  used  for  the  condenser  and  refrigerating  coils 
with  SO2  as  the  refrigerant.  This  is  especially  advantageous 
where  the  water  used  for  condensation  contains  ingredients 
that  have  a  tendency  to  deteriorate  iron  or  steel.  Copper  is  a 
very  desirable  material  to  be  used,  from  many  standpoints. 
It  is  contended,  however,  that  the  apparent  advantage  of  the 
ability  to  use  copper  may  be  off-set  in  the  ammonia  system  by 
the  use  of  the  requisite  additional  amount  of  piping  of  iron  or 
steel,  and  at  an  advantage  as  regards  expense. 

With  systems  properly  designed,  there  is  no  practical  differ- 
ence in  eflSciency  between  the  ammonia  and  the  sulphurous 
di-oxide  systems. 

THE  CARBONIC  ANHYDRIDE  SYSTEM. 

A  general  description  of  the  ammonia  compression  system 
and  one  of  the  carbonic  anhydride  systems  would  differ  only 
in  regard  to  the  refrigerant  used.  As  may  be  inferred  from 
the  name,  in  the  carbonic  anhydride  system  the  refrigerant 
used  is  carbonic  anhydride,  which  is  commonly  known  like- 
wise as  carbon  di-oxide  and  carbonic  acid  gas.  It  is  a  non- 
poisonous  gas,  and  is  a  constituent  of  the  atmosphere.  A 
marked  feature  of  the  system  is  the  enormous  pressure  used, 
varying  in  amount  in  different  climates,  from  750  pounds  per 
square  inch  in  temperate  climates,  with  water  at  fifty  degrees 
Fahrenheit,  to  about  1,125  pounds,  with  water  at  84  degrees, 
in  tropics. 

This  enormous  pressure  is  required  on  account  of  the  pecu- 
lier  characteristic  of  carbonic  anhydride,  which  is  only  lique-. 
fied  under  high  pressure.  This  feature  has  its  advantages  as 
well  as  its  disadvantages.  Corresponding  with  this  high 
pressure  is  smallness  of  the  dimensions  of  the  compressor, 
which  accordingly  is  made  compact  and  can  be  readily  made 
of  requisite  strength. 

An  important  feature  of  the  carbonic  anhydride  process  is 
the  fact  that  on  account  of  the  non-poisonous  nature  of  the 
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medium,  it  is  possible  to  introduce  a  safety-valve  in  the  sj's- 
tem,  a  welcome  addition  to  any  pressure  system. 

THE  COMPRESSED  AIR  SYSTEM. 

The  characteristic  feature  of  the  compressed  air  system  is 
involved  in  the  fact  that  the  medium,  air,  is  not  condensed  to 
the  liquid  stale. 

The  air  is  first  compressed,  during  which  process  heat  is 
generated.  This  heat  is  abstracted  in  an  apparatus  similar  to 
a  condenser.  The  term  condenser  cannot  be  correctly  applied, 
simply  for  the  reason  that  no  condensation  of  the  medium  is 
produced.  The  refrigeration  of  the  air  is  produced  by  allow- 
ing the  compressed  air  to  re-expand  while  doing  work.  This 
re-expanded  air  is  reduced  in  temperature.  This  cold  air  is 
circulated  in  the  refrigerating  coils  to  perform  the  refrigerating 
duty  desired.  The  principle  of  thermo-dynamics  involved  is 
that  when  a  gas  is  allowed  to  expand  doing  work,  the  amount 
of  heat  given  out  by  the  gas  is  equivalent  in  mechanical  en- 
ergy to  the  work  done.  When  the  air  is  compressed,  the 
amount  of  heat  generated  is  equivalent  in  mechanical  energy 
to  the  work  of  compression.  In  practice,  of  course,  the  usual 
inevitable  losses  attendant  upon  any  transformation  of  energy 
tend  to  reduce  the  value  of  the  effective  results. 

The  essential  parts  of  a  compressed  air  plant  are  as  follows : 

A  Pi'lme  Motor,  as  a  steam  engine,  as  a  source  of  motive 
power ; 

A  Compressor,  which  compresses  the  air ; 

A  Cooling  ApparattiSy  consisting  generally  of  a  coil  of  pipe 
containing  the  compressed  and  heated  air,  managed  so  as  to 
.be  cooled  by  a  flow  of  water ; 

An  Expander,  consisting  of  a  cylinder,  piston  and  valves, 
arranged  similar  to  those  of  a  steam  engine,  with  cut-off,  into 
which  the  cooled  compressed  air  is  admitted  during  a  portion 
of  the  stroke,  the  air  acting  expansively  during  the  remainder 
of  the  stroke,  and  thereby  being  reduced  in  temperature.  On 
the  return  stroke  this  cooled  air  is  expelled  ;  and 

A  Refrigerator,  the  last  of  the  series,  which  may  consist  of 
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coils  of  pipe  which  receive  the  cooled  air  expelled  from  the 
cylinder.  These  coils  are  of  course  arranged  as  in  refrigerating 
plants  generally  to  produce  the  results  desired. 

From  the  refrigerator  the  air  passes  again  to  the  compressor, 
to  be  again  started  through  a  repetition  of  the  cycle  of  opera- 
tions just  enumerated.  For  successful  operation  should  also 
be  included  traps  for  the  separation  of  oil  and  snow  from  the 
cold  air,  and  for  separating  moisture  from  freshly  supplied  air, 
and  provision  for  water-jacketing  the  compressor  cylinder. 
The  piston  rod  of  the  expanding  cylinder  may  be  connected 
through  a  connecting  rod  to  a  crank  on  the  main  shaft,  so  that 
the  work  of  the  expanding  air  is  used  to  assist  the  steam  in 
operating  the  plant. 

The  refrigeration  may  also  be  produced  by  releasing  the 
cooled  air  directly  into  the  chambers  to  be  cooled.  In  this 
case  the  air  is  drawn  from  the  refrigerator  chambers  by  the 
compressor.  This  method  was  once  extensively  used  on  ship- 
board. Considerable  difficulty  was  encountered  in  this  method 
from  the  snow  formed  in  the  apparatus  by  the  condensation  of 
moisture  contained  in  the  air. 


CHAPTER  III. 

METHODS  OF  APPLICATION. 

REFRIGERATION. 

The  methods  of  refrigeration  may  be  conveniently  classified 
in  two  classes,  respectively  known  as  the  direct  and  indirect. 
In  the  case  of  the  direct  system  the  evaporator  is  placed  di- 
rectly in  the  rooms  or  chambers  which  it  is  desired  to  cool. 
Thus,  when  the  refrigerant  is  allowed  to  expand  in  the  coils 
of  the  evaporator,  the  surrounding  pipes  are  Cooled,  and  absorb 
heat  from  the  surrounding  chamber,  effecting  the  cooling  as 
desired. 

In  the  case  of  the  indirect  system  a  secondary  medium  is 
employed  to  produce  the  refrigeration  desired.  As  generally 
understood  the  term  indirect  system  refers  to  the  system  em- 
ploying brine  for  the  secondary  medium.  The  brine  may  be 
made  up  with  either  sodium  chloride  (common  salt)  or  calcium 
chloride. 

In  this  system  the  evaporating  coils  are  arranged  so  as  to  be 
in  contact  with  strong  brine.  The  vaporization  of  the  refrig- 
erant results  in  cooling  the  brine,  which  is  circulated  through 
a  pipe  system  arranged  to  produce  the  refrigeration  desired. 

The  arrangement  of  piping  for  cooling  is  quite  similar  in 
the  direct  system  and  the  indirect  brine  system. 

A  special  case  in  the  indirect  system  is  known  as  the  indi- 
rect air  system.  In  this  system  the  circulating  medium  for 
producing  the  refrigeration  desired  is  air,  which  is  cooled  by 
passing  over  pipes  which  are  cooled  either  by  the  direct  system 
or  the  indirect  brine  system.  These  cooling  pipes  are  grouped 
in  a  room,  called  the  bunker  room. 

These  various  systems  have  each  their  advantages  as  well  as 
disadvantages,  so  that  which  is  really  best  depends  upon  pre- 
vailing circumstances. 

(16) 
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A  representation  of  an  ammonia  compression  plant  employ- 
ing the  direct  system   is  shown  in  Fig.  2  and  Fig.  3.     The 
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principal  elements  of  a  plant  of  this  kind  are  the  compressoF 
pump,  the  condenser,  the  expansion  valve  and  the  system  of 
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refrigerating  coils  arranged  for  distributing  the  refrigerating 
effect  as  desired. 

An  arrangement  of  the  indirect  brine  system  in  a  packing 
house  is  shown  in  Fig.  4.  Tlie  additional  parts  required  for 
this  system  are  the  brine  tanks,  designated  as  refrigerators  in 
the  illustration,  and  the  brine  pump  for  the  circulating  of  the 
cooled  brine  in  the  network  of  piping  located  in  the  refrig- 
erated chambers. 

In  the  case  of  the  indirect  air  system  the  special  features  are 
the  bunker  rooms,  with  a  nest  of  cooling  coils  and  blowers 
used  for  maintaining  the  air  in  circulation. 

The  signs  of  the  times  seem  to  indicate  the  coming  into 
favor  of  the  indirect  brine  system  as  against  the  direct  ex- 
pansion system.  This  may  be  due  in  part  to  finding  the  weak 
places  in  the  direct  system,  but  for  the  most  part  seems  to  be 
due  to  the  strong  points  of  the  brine  system. 

One  of  the  points  in  favor  of  the  direct  system  is  smaller 
installation  expense,  due  to  omission  of  pumps  and  tanks. 
Another  is  smaller  operating  expense,  due  to  a  smaller  range 
in  temperature  for  the  same  refrigerating  effect.  These  ad- 
vantages hold  good  in  many  cases,  especially  where  conditions 
are  quite  steady,  and  not  liable  to  fluctuations. 

Where  such  fluctuations  are  liable  to  occur  or  where  there 
may  be  desire  or  need  to  interrupt  the  operation  of  the  ma- 
chinery the  indirect  brine  system  is  the  better  adapted  to  meet 
the  situation.  In  fact  this  system  is  best  adapted  for  all-round 
use.  Results  aVe  after  all  the  criterion.  With  these  assured, 
and  with  the  advantages  of  the  direct  system  largely  elimin- 
ated by  modern  methods,  there  is  no  doubt  of  the  pre-eminent 
position  held  by  the  indirect  brine  system. 

A  few  of  these  pros  and  cons  may  be  worthy  of  mention. 

1.  The  advantage  of  cost  of  installation  holds  in  favor  of  the 
direct  system,  on  account  of  extra  cost  for  brine  tanks  and 
pumps. 

2.  The  cost  of  operation  is  not  so  clearly  in  favor  of  the 
direct  system.  From  a  thermodynamic  point  this  would  be 
the  case,  and  it  would  hold   in  the  case  of  large  plants,  that 


/ 


Fic 


Iement  of  brine    system     in    packing - 
•  and    colo    storage   houses. 


b^f^^f^^P::  K^  J*^fy*?'^'1'^^^c.^JK:^iJ^: 


(To  face  p.  1&) 


/ 


METHODS   OF   APPLICATION.  19 

could  be  readily  maintained  in  operation  night  and  day.  In 
the  case  of  small  plants,  by  using  the  indirect  system,  it  is 
possible  to  limit  the  operation  of  the  general  plant  and  the 
services  of  the  engineer  to  the  regular  working  day  with  the 
refrigeration  maintained  uninterrupted  by  means  of  the  circu- 
lating pump  for  the  brine.  This  pump  is  a  rather  diminu- 
tive affair  and  may  be  readily  looked  after  by  the  night^watch- 
man. 

3.  The  results  obtained  from  a  refrigeration  standpoint  are 
clearly  in  favor  of  the  indirect  system.  This  is  due  to  the  fact 
that  in  the  indirect  system  the  refrigeration  is  effected  by  brine 
wliich  has  an  extreme  variation  of  temperature  of  only  4®  or 
5°  F.,  whereas  the  temperature  in  the  expansion  coils  may 
vary  from  the  low  temperature  due  to  the  pressure  to  a  tem- 
perature involving  superheat.  It  is  better  to  have  this  large 
variation  in  temperature  taken  up  in  the  brine  tank  than  in 
the  refrigerator. 

Ill  case  of  accidental  interruption  of  operation  of  the  com- 
pressors in  the  direct  system  the  only  reserve  for  refrigeration 
is  the  accumulation  of  ice  on  the  expansion  coils.  With  ex- 
tended interruption  this  ice  would  melt,  resulting  in  an  increase 
in  the  humidity,  which  would  be  detrimental  generally  to  the 
goods  in  storage. 

4.  On  the  score  of  liability  to  leaks  and  losses  attendant 
upon  the  same  it  would  seem  as  if  the  indirect  system  had  the 
advantage.  The  record  for  serious  losses  in  the  direct  system 
has  not  as  a  matter  of  fact  been  suflSciently  bad  to  cause  a 
general,  condemnation  of  the  system.  Nevertheless  the  lia- 
bility to  leakage  would  be  greater  with  the  direct  system  on 
account  of  the  higher  pressure. 

As  to  consequences,  those  from  an  ammonia  leak  are  cer- 
tainly more  formidable  than  a  leak  in  a  brine  pipe.  In  the 
expense  from  loss  of  material,  of  course,  the  loss  of  brine  is  not 
to  be  compared  with  the  loss  of  ammonia.  The  danger  from 
fire  and  damage  to  goods  have  been  rather  exaggerated. 
There  is  undoubtedly  some  danger  of  loss  of  life  from 
•escaped  ammonia. 
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The  safe-guard  in  either  case  is,  of  course,  good  piping, 
good  fittings  and  good  workmanship. 

5.  The  item  of  expense  for  ammonia  for  charging  the  system 
is  much  less  for  the  indirect  than  for  the  direct  system. 

6.  Troubles  with  the  regulating  or  expansion  valves  are  re- 
duced to  a  minimum  with  the  indirect  system,  partly  from 
the  fact  that  the  number  of  such  valves  has  been  materially 
reduced  and  furthermore  because  with  this  reduced  number 
those  that  are  used  have  larger  passageways  for  the  ammonia 
and  are  therefore  less  liable  to  give  trouble. 

Fio.  o. 


THE  TRIUMPH    BRINE   COOLER. 


7.  Where  refrigeration  and  ic^-making  are  combined  it  is 
possible  to  use  the  same  brine  tank  for  brine  supply  for  the 
freezing  tanks  and  the  brine  circulation  in  the  refrigerators. 

8.  In  the  case  of  the  indirect  method  the  brine  tank  and 
pump  would  be  located  near  the  engine  room,  so  that  all  the 
high  pressure  system  would  be  readily  accessible  to  the 
engineer. 

One  of  the  important  recent  improvements  in  the  indirect 
system  was  the  introduction  of  the  brine  cooler  of  double  pipe 
construction,  such  as  shown  in  Fig.  5.  The  advantages  of  this 
apparatus  over  its  predecessor,  the  brine  tank,  Fig.  6,  are  the 
same  as  the  advantages  that  have  served  to  make  this  class  of 
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BRINE  TANK. 

Showing  likewise  the  General  Arrangement  of  the  Submerged  Condenser. 
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apparatus  so  popular  at  the  present  time.  These  include 
economy  and  efficiency,  ease  of  inspection  and  cleanliness. 
Following  from  the  latter  is  the  ability  to  locate  the  apparatus 
practically  at  any  place  where  there  happens  to  be  space 
available. 

The  merits  of  the  double  pipe  brine  cooler  are  surpassed  by 
those  of  the  apparatus  shown  in  Fig.  7,  which  represents  a 
triple  pipe  brine  cooler. 

One  decided  improvement  in  recent  practice  is  the  adoption 
of  brine  made  with  calcium  chloride  (CaCl,)  instead- of  sodium 
chloride  or  common  salt  (NaCl).  The  result  though  obtained  at 
somewhat  higher  .first  cost,  is  longer  life  to  the  piping  and 
apparatus  in  contact  with  the  brine.  An  inspection  of  the  tables 
giving  the  properties  of  these  two  ingredients  will  show  that  it 
is  possible  to  maintain  lower  temperatures  with  calcium  brine. 
With  the  increasing  demand  for  lower  expansion  temperatures^ 
both  for  refrigeration  and  for  ice  making,  the  use  of  calcium 
brine  is  practically  required.  Magnesium  chloride  could  be 
utilized  so  far  as  its  physical  properties  are  concerned,  but  the 
cost  is  prohibitive. 

Another  advance  in  the  indirect  system  not  as  yet  generally 
introduced  is  the  use  of  the  brine  in  the  refrigerated  spaces  in 
direct  contact  with  the  air  instead  of  enclosed  in  pipes.  There 
are  good  points  in  this  method  both  from  the  standpoint  of 
cost  of  installation  and  results  produced.  This  method  is 
being  tried  out  in  practice  and  the  results  obtained  are  promis- 
ing for  the  future. 

The  indirect  air  system,  known  also  as  the  chilled  air  sys- 
tem or  the  cold  air  circulation  system  is  used  where  it  is  de- 
sired to  obtain  the  advantages  of  improved  ventilation  and  the 
increased  efficiency  due  to  air  in  circulation.  These  advan- 
tages are  desirable  in  any  case,  but  are  especially  so  in  the 
case  of  certain  classes  of  goods  in  storage,  such  as  eggs,  cheese, 
fruits,  meats  and  perishable  goods  generally.  This  is  the 
method  employed  for  cooling  the  air  for  auditoriums  or  for 
the  work  rooms  in  special  industries,  such  as  chocolate  fac- 
tories. 
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The  bunker  rooms  may  be  equipped  with  coils  for  ammonia 
direct,  expansion,  or  brine.  In  addition  to  these  coils  excel- 
lent results  are  obtained  by  having  brine  dripping  over  the 
coils  to  prevent  the  accumulation  of  ice.  An  interior  view  of 
a  bunker  room  operated  on  this  plan  is  shown  in  Fig.  8. 

Fio.  8. 


This  latter  system  has  been  adopted  exclusively  in  some 
large  modern  plants,  so  that  the  merits  of  the  same  have  been 
conclusively  demonstrated  on  a  large  scale. 


CHAPTER  IV. 


APPLICATIONS  OF  REFRIGERATION. 

An  enumeration  of  the  industries  employing  mechanical 
refrigeration  would  be  too  extensive  to  be  other  than  monot- 
onous. In  our  attempt  to  do  some  justice  to  this  subject  we 
will  confine  ourselves  to  a  list  of  some  of  these  places  and  in- 
dustries and  a  brief  reference  to  some  of  the  typical  cases  to 
bring  out  the  essential  features. 

BOMB   OF   THE    PLACES    WHERE     ICE-MAKING    AND    REFRIGERA- 


TING   MACHINERY    IS    USED. 


Can  ice-making  plants, 

Plate  ice-making  plants, 

Beer  breweries, 

Ale  breweries, 

"Cold-storage  houses, 

<jrroceries, 

Markets, 

Packing  houses, 

Abattoirs, 

Fish-curing  plants. 

Dairies, 

Butter  factories, 

Milk  depots, 

Butterine  factories. 

Ice-cream  factories, 


Chemical  works. 

Sugar  refineries, 

ParafBne  works. 

Oil  refineries, 

Lard  factories, 

Distilleries, 

Laundries, 

Glue  works, 

Wineries, 

Fur  storage. 

Hotels, 

Restaurants, 

Theaters, 

Hospitals, 

Morgues, 


Ocean  vessels. 
Apartment  houses, 
Office  buildings. 
Molasses  factories. 
Skating  rinks, 
Steel  tempering. 
Blast  furnaces. 
Dry-plate  works. 
Dynamite  works, 
Stearine  factories, 
Chocolate  factories, 
Paint  factories, 
Soap  factories. 
Seasoning  lumber, 
India-rubber  works. 


ABATTOIRS    AND    PACKING   HOUSES. 

The  introduction  of  mechanical  refrigeration  in  abattoirs 
and  packing  houses  marked  a  new  era  in  these  industries,  and 
has  resulted  in  a  revolution  in  the  arrangement  of  buildings 
^nd  the  methods  of  caring  for  fresh  killed  hogs  and  beef 
and  the  storage  of  the  carcasses.  The  removal  of  a  large 
quantity  of  animal  heat  rapidly  and  at  the  same  time  grading 
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the  temperature  to  ensure  proper  curing,  by  a  uniform  chilling 
throughout,  could  not  be  brought  about  by  any  other  process. 


Fig.  9. 


CHILL   ROOM. 


Fro.  10. 


CHILL  ROOM    FOR  HOGS. 

Piping  in  Overhead  Chambers  (De  La  Vergne  System). 
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The  preferable  arrangement  of  piping  is  in  lofts  overhead 
with  protecting  ceilings  for  drip  and  ducts  for  circulation  of 
air  as  shown  in  Fig.  9  and  Fig.  10. 

In  some  cases,  as  where  old  establishments  are  made  over 
for  mechanical  refrigeration,  it  may  be  more  convenient  to 
have  the  coils  arranged  along  the  sides  of  the  walls  as  shown 
in  Fig.  11. 

Instead  of  piping  in  this  way  a  hollow  plate  or  wall  is  also 
used  in  which  cold  brine  is  circulated. 

Fig.  11. 


CHILL  ROOM   FOR  BEEF. 

Piping  witli  Radiating  Disc's.     Piping  along  side  of  room. 

Satisfactory  results  are  obtained  by  any  of  the  methods  that 
have  been  indicated. 


COLD    STORAGE. 

To  the  development  of  artificial  refrigerating  machinery  and 
the  refrigerator  car  may  be  credited  tlie  development  of  cold 
storage,  a  new  industry.  Enormous  as  this  industry  has  grown, 
a  further  expansion  on  a  grand  scale  is  one  of  the  certainties 
of  the  future.  It  must  operate  on  the  whole  to  the  mutual 
advantage  of  the  producer  and  the  consumer.  In  periods  of 
over-production  it  enables  the   producer   to  avoid   an    over- 
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stocked  market,  and  the  resulting  necessity  of  disposing  of  his 
goods  at  ruinous  prices.  The  apparent  loss  to  the  consumer 
of  the  possibility  of  purchasing  at  abnormally  low  prices  is 
<»ompensated  for  by  the  lower  prices  prevailing  when  the  con- 
ditions mentioned  are  reversed.  In  fact  the  cold  storage  in- 
dustry has  a  steadying  effect  upon  the  market,  and  upon  prices 
generally,  and  consequently  is  a  welcome  acquisition  to  the 
world  of  commerce. 

The  safe  transportation  of  perishable  articles  in  refrigerator 
cars  has,  in  itself,  been  a  very  important  problem,  the  practical 
solution  of  which  has  involved  a  great  deal  of  thought  and 
ingenuity,  but  in  the  absence  of  cold  storage  warehouses,  the 
food-stuffs  would  have  to  be  shipped  as  soon  as  produced  and 
-consumed  as  soon  as  delivered  in  town.  Now,  however,  the 
goods  can  be  held  till  the  market  is  ready  for  them.  The 
result  is  equally  advantageous  to  the  farmer  and  to  the  con- 
sumer. 

Moreover,  not  the  least  advantage  of  the  system  of  holding 
foodstuffs  in  cold  storage  is  the  fact  that,  being  perfectly  good 
security,  the  capital  required  for  carrying  the  large  stocks 
necessary  to  equalize  the  markets  is  readily  obtainable. 

The  tendency  in  regard  to  storage  temperatures  is  to  use  as 
low  temperatures  as  the  product  can  stand.  Wherever  actual 
freezing  can  be  employed  without  danger  to  the  product  this 
is  obviously  the  safest  and  most  convenient  method.  Experi- 
ment has  shown  that  freezing  may  be  safely  practised  where  it 
has  been  previously  condemned  as  detrimental,  as  for  example 
in  the  cases  of  butter  and  milk. 

Lists  of  proper  temperatures  for  various  classes  of  goods 
sometimes  given  out  are  only  to  be  regarded  as  approximate. 
The  degree  of  temperature  to  be  maintained  varies,  of  course, 
for  the  different  products,  and  even  for  the  same  class  of  goods, 
according  to  previous  handling  and  to  final  destination.  Ac- 
cordingly, the  proper  handling  of  any  line  of  goods  calls  for 
the  display  of  judgment,  and  involves  experience  and  study. 
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BREWERY  REFRIGERATION. 

The  modern  brewery  is  as  intimately  involved  in  the  pro- 
cesses of  mechanical  refrigeration  as  the  modem  packing-house 
or  cold  storage  warehouse.  Extensive  use  is  made  of  the 
ordinary  processes  of  refrigeration  for  the  preservation  of  pro- 
ducts and  also  of  ice-making  for  the  production  of  ice  for  use 
on  the  premises  or  for  the  packing  of  goods  for  shipment.  In 
addition  there  are  special  adaptations  of  the  process  to  features 
peculiar  to  the  industry,  as  in  the  Baudelot  cooler  and  in  the 
attemperators. 

An  arrangement  of  a  plant  operating  on  the  direct  expan- 
sion system  is  shown  in  Fig.  12. 


BAUDELOT    COOLER. 

The  Baudelot  cooler  is  used  for  cooling  the  hot  beer  wort  in 
preparation  for  fermentation.     The  importance  of  economical 

Fio.  13. 
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DIRECT  EXPANSION  BAUDELOT  COOLER  FOR  BEER  WORT.      COLD  WATER 
USED  IN  THE  UPPER  PART. 

and  efficient  methods  in  this  apparatus  are  appreciated  when 
it  is  understood  that  the  work  required  in  reducing  the  tem- 
perature of  the  wort  amounts  to  almost  one-third  of  the  entire 
refrigerating  work  of  the  brewery  and  usually  to  more  than 
the  work  done  in  the  rest  of  the  brewery  during  the  time  the 
wort  is  being  cooled. 
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The  Baudelot  cooler  as  originally  constructed  was  made  up 
of  a  vertical  column  of  pipes  of  copper  for  conveying  the  cool- 
ing medium.  The  wort  is  admitted  at  the  top,  trickles  over 
the  outside  and  becomes  cooled  in  its  descent.  The  piping  is 
divided  horizontally  in  two  sections.  In  the  upper  section 
hydrant  or  well  water  is  used  for  cooling.  There  has  been  no 
change  in  this  section.  In  the  lower  section  ice  water  was 
originally  used.     This  has  been  replaced  by  either  ammonia 

Fig.  14. 


BRINE    BAUDEIX)T    COOLER    FOK    liKJ-.U    WORT. 

UPPER  PART. 


COLD  WATER  USED  IN 


vapor  with  direct  expansion  or  brine  with  indirect  refrigeration. 
These  two  methods  are  shown  respectively  in  Fig.  13  and  Fig.  14. 
As  copper  piping  cannot  be  used  with  ammonia  this  is  re- 
placed in  some  cases  by  iron  pipe  enclosed  in  copper.  As 
there  is  loss  of  efficiency  in  this  arrangement,  as  well  as  high 
cost,  preference  is  given  of  late  to  plain  iron  pipe,  ground 
bright  w^ith  an  emery  wheel.  A  coating  is  imparted  to  the 
outside  of  these  pipes  by  the  wort  after  use  a  few  times  which 
prevents  corrosion  of  the  surfaces. 
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THE    ATTEMPERATOR. 

The  attemperator  is  used  for  cooling  the  beer  while  in  fer- 
mentation. It  consists  of  a  coil  of  iron  or  copper  pipe  or  hol- 
low-walled cylinder  supplied  with  circulating  cooling  water 
arranged  to  be  submerged  in  the  vats  containing  the  beer. 
The  cooling  water  that  is  circulated  in  the  coils  is  fresh  water^ 


Firt.  17. 
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ELEVATION.— IN   POSITION — PORTION   OF  TANK   REMOVED. 

Position  when  swung  out  of  use  shown  by  dotted  lines. 


which  has  been  cooled  in  a  tank  or  cooler  in  the  same  way  as 
brine  is  cooled  in  the  indirect  brine  system.  In  fact  the 
arrangement  is  precisely  after  the  plan  of  the  indirect  brine 
system,  with  the  substitution  of  fresh  water  for  brine  for  the 
secondary  medium,  including  the  pump  for  maintaining  cir- 
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culation.  An  automatic  regulator  is  arranged  to  hold  the 
temperature  within  prescribed  limits.  A  plan  of  an  auto- 
matic outfit  is  shown  in  the  illustration,  Fig.  15.  In  the  case 
shown  each  or  any  number  of  tubs  can  be  shut  off  or  regulated 
at  will.  The  pressure  and  amount  of  cooling  water  are  under 
automatic  control  of  the  regulator  and  self-acting  pump  and 
need  no  attention,  whether  one  tub  or  many  are  in  use. 

Another  method  is  to  have  the  attemperator  supplied  by 
gravity  from  a  cold  water  tank,  with  necessary  cooling  coils 
placed  above  the  uppermost  fermenting  room.  In  order  to 
control  automatically  the  quantity  of  water  pumped  in  accord- 
ance with  the  demand,  a  long  stand-pipe  receives  the  water  in 
its   passage  through    the   attemperator.      According   to   the 

Fio.  18. 


BOYLE'S  ATTEMPERATOR. 

Plan.— In  position. 

amount  of  water  used  the  height  rises  and  falls  in  this  pipe, 
thus  varying  the  pressure  exerted  on  a  rubber  diaphragm 
which  controls  the  steam  throttle  of  the  pump.  Thus  the 
amount  of  water  returned  to  the  tank  by  the  pump  is  made  to 
correspond  to  the  amount  of  water  used. 

An  attemperator  arranged  with  swivel  joint  so  that  it  can 
be  swung  up  out  of  the  vat  is  shown  in  Figs.  16,  17  and  18. 
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CYLINDRICAL    ATTEM  PER ATOR. 
ATTEMPERATOR  IN  POSITION— HAS  PULLEY  FOR  RAISING  OR  LOWERING. 

Fig.  20. 
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An  example  of  the  hollow  cylindrical  type  is  shown  in  Fig. 
19.    Flexible  connections  for  the  water  are  used  with  this  type. 

In  Fig.  20  is  shown  an  arrangement  of  pipe  work  in  fer- 
menting room,  coils  being  suspended  from  iron  floor  beams 
and  located  in  passageways  and  at  side  of  room,  thus  prevent- 
ing drip  into  tubs,  and  affording  free  access  to  the  tubs. 

THE  ICE   SKATING   RINK. 

The  production  of  ice  independent  of  Jack  Frost  once  estab- 
lished, the  special  adaptation  of  the  art  to  the  production  of 
ice  for  skating  purposes  appears  as  one  of  the  possibilities.  All 
that  is  wanted  is  a  combination  of  enterprise  and  capital. 

One  method  of  carrying  out  the  idea  is  to  freeze  water 
flooded  over  the  refrigerating  pipes  arranged  close  to  the  floor. 
The  ice  that  is  formed  is  clear  and  transparent,  the  pipes 
below  being  readily  seen  through  it.  The  foundation  ice  is 
formed  once  for  the  season.  The  surface  cut  up  by  the  skating 
is  re-formed  nightly.  When  it  has  grown  thicker  than  desired, 
it  is  planed  down.  This  method  may  be  considered  as  a 
special  application  of  the  plate  system  of  making  ice.  This  is 
the  method  shown  in  the  illustration.  Fig.  21.  This  is  the 
method  most  generally  followed. 

An  ingenious  method  of  obtaining  an  ice  surface  of  uniform 
thickness,  smooth  and  homogeneous,  and  with  some  degree  of 
elasticity,  is  one  which  may  be  classed  as  a  special  application 
of  the  can  system  of  making  ice.  What  corresponds  to  the 
can  consists  of  a  large  shallow  tray  with  a  thin  steel  bottom, 
this  tray  covering  the  area  over  which  it  is  desired  to  form 
the  ice.  This  tray,  as  in  the  can  system  generally,  contains 
the  water  to  be  frozen,  in  this  case  being  quite  shallow.  Be- 
neath the  tray  is  a  stratum  of  flowing  brine,  which  is  reduced 
in  temperature  according  to  the  usual  method.  The  ice 
formed  by  this  method  is  a  clever  artificial  reproduction  of 
natural  ice  as  first  formed  on  the  surface  of  a  pond. 
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REFRIGERATION  ON  SHIP-BOARD. 

One  of  the  most  useful  applications  of  refrigerating  n&a- 
chinery  is  on  ship-board.  This  application  may  be  limited  to 
simply  the  preservation  of  ship-stores  and  provisions  on  board 
passenger  or  cargo  steamers,  pleasure  yachts  or  men-of-war  or 
it  may  be  depended  upon  for  the  preservation  of  a  whole  cargo 
of  fresh  meat  or  fruit. 

Any  of  the  various  successful  methods  of  refrigeration  may 
be  employed  on  ship-board,  except  that  with  ammonia  the 
direct  expansion  system  is  not  used.  Either  the  indirect  brine 
system  or  indirect  air  system  are  used  instead. 

THE  COMPRESSED  AIR  SYSTEM. 

In  the  earliest  efforts  at  refrigeration  on  ship-board  the  com- 
pressed air  system  was  utilized.  The  method  followed  was  to 
exhaust  the  refrigerated  air  directly  through  suitable  ducts  into 
the  chambers  to  be  refrigerated  and  draw  the  supply  of  fresh 
charge  for  the  air-compressor  from  the  same  chambers.  Con-  \ 
siderable  trouble  was  experienced  from  the  accumulation  of  ^ 
snow  in  the  cold-air  ducts  and  the  expansion  cylinder,  due  to 
the  freezing  of  the  moisture  drawn  in  with  the  air. 

By  means  of  occasional  thawing  out  and  removal  of  snow 
and  vigilant  oversight  of  operative  features  these  plants  were 
maintained  in  successful  operation  and  gave  way  only  to  . 
something  better.  As  apparatus  with  other  refrigerating 
mediums  produced  results  without  the  troubles  that  have  been 
mentioned  with  better  efficiency  and  more  compact  apparatus, 
the  compressed  air  system  for  general  cargo  service  in  due 
time  became  obsolete. 

There  are  features  of  the  compressed  air  system  that  appeal 
to  favor.  One  of  these  is  the  lack  of  necessity  of  carrying  a 
special  stock  of  refrigerant  This  especially  applies  in  the 
case  of  a  man-of-war.  Then  there  is  the  feature  of  harmless- 
ness  of  the  medium.  The  trouble  from  snow  can  be  largely 
eliminated  by  holding  the  air  confined  and  keeping  the  same 
supply  in  continuous  circulation,  replenishing  losses  with  air 
that  has  been  freed  from  moisture,  and  the  eflBciency  can  be 
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improved  by  using  air  at  several  times  normal  density.     In 
one  case  the  minimum  pressure  is  five  atmospheres. 

With  these  improvements,  there  is  still  a  field  for  the  air 
machine  for  preserving  ship  stores,  especially  on  merchant 
vessels,  men-of-war  and  pleasure  yachts. 

AMMONIA   COMPRESSION   SYSTEM. 

The  good  points  of  the  indirect  brine  and  air  systems  as 
employed  for  land  service  apply  equally  well  at  sea.  In  either 
case  space  is  required  for  the  accommodation  of  the  circulating 
system  consisting  of  brine  pipes  for  the  one  and  air  ducts  in 
the  other,  which  space  is  hard  to  find  in  vessels  built  for  ordi- 
nary service.  In  recent  years  excellent  vessels  have  been 
constructed  especially  adapted  to  the  transportation  of  refrig- 
erated goods,  showing  that  naval  engineers  have  succeeded  in 
meeting  the  requirements  of  the  situation. 

The  objection  to  the  use  of  direct  expansion  with  ammonia 
may  be  readily  surmised  to  be  danger  of  leakage.  While  the 
trouble  from  this  source  has  been  really  at  a  low  point,  the 
liability  of  trouble  of  this  kind  from  a  network  of  piping  with 
high  pressure  on  shipboard  is  too  serious  to  be  risked.  At  the 
same  time  the  direct  system  may  be  used  to  a  limited  extent 
without  particular  danger  for  cooling  the  ship^s  stores  and 
provision  chambers.  This  is  especially  convenient  where  the 
indirect  air  system  is  used  for  general  cargo. 

In  regard  to  danger  to  life  and  damage  to  cargo,  while  car- 
bonic anhydride  will  not  sustain  life,  there  is  no  serious  like- 
lihood of  loss  of  life  due  to  leakage.  As  far  as  the  effect  on 
cargo  is  concerned,  there  is  no  possibility  of  injury. 

As  either  the  indirect  brine  or  the  indirect  air  system  is 
generally  employed,  there  would  be  no  special  features  to  be 
noted  in  regard  to  the  refrigerated  chambers  due  to  the  use  of 
carbonic  anhydride  as  the  refrigerant. 

The  illustrations  given  herewith  show  sections  of  a  modern 
steamship  equipped  for  refrigeration  with  carbonic  anhydride 
system  with  indirect  brine  circulation.  Fig.  22  shows  a  sec- 
tion of  a  transatlantic  steamer  used  exclusively  for  the  trans- 
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portation  of  refrigerated  meats.  Fig.  23  shows  longitudinal 
sections,  horizontal  and  vertical,  of  a  Danish  butter  export 
steamer. 

PIPE   LINE    REFRIGERATION. 

The  use  of  pipe  lines  for  the  transmission  and  distribution 
of  water  and  gas  is  of  quite  long  standing.  The  use  of  wire 
for  the  distribution  of  electric  light  and  power,  though  more 
recent,  is  nevertheless  familiar  to  the  general  public.  The 
central  station  for  the  distribution  of  light,  heat  and  power  is 
commonplace.  A  central  station  for  the  distribution  of  re- 
frigeration, however,  may  be  set  down  as  something  of  a 
novelty.  A  little  thoughtful  consideration  of  the  subject  will, 
nevertheless,  promptly  reveal  the  feasibility  of  the  idea,  while 
all  doubts  will  be  removed  by  observation  of  the  scheme  in 
operation.  We  are  destined  to  hear  more  about  this  idea  in 
the  future. 

PRACTICAL  FEATURES. 

Some  of  the  difficulties  and  obstacles  in  the  way  of  success- 
fully maintaining  a  general  system  of  refrigeration  from  a 
central  station  are  similar  to  those  encountered  generally  in 
central  station  work,  and  others  are  peculiar  to  the  subject  of 
refrigeration. 

One  of  the  principal  problems  presented  is  that  of  the  suc- 
cessful handling  of  a  variable'  load.  One  way,  not  particu- 
larly scientific  or  economical  is  to  have  sufficient  machinery 
available  to  handle  the  maximum  load  and  to  vary  the  num- 
ber of  machines  in  operation  or  the  output  in  accordance  with 
the  load  or  demand.  This  arrangement  is  also  uncertain  and 
inconvenient,  and  will  hardly  meet  the  emergency  of  a  sudden 
change  in  load,  such  as  is  liable  to  occur  at  any  time  without 
warning. 

The  ideal  system  will  be  the  one  that  will  enable  the  ex- 
treme variations  in  load  to  be  maintained  by  machinery  of 
about  average  capacity  of  load  instead  of  maximum. 

The  systems  that  have  been  tried  to  a  greater  or  less  extent 
are  the  indirect  brine  system  and  the  absorption  system  oper- 
ating with  direct  expansion  of  ammonia. 
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THE   BRINK    SYSTEM. 

Distribution  by  the  brine  system  requires  the  brine  pipinff 
to  be  insulated  outside  of  the  refrigerating  chamber.  This 
involves  considerable  care  as  well  as  cost  in  installation. 
Whether  or  not  this  is  the  proper  system  for  a  general  distri- 
bution system  has  not  as  yet  been  demonstrated.  What  has 
been  done  in  this  line  has  been  confined  to  the  supplying  of 
a  large  market  district  from  the  power  station  of  a  large  cold 
storage  company,  the  distribution  being  mostly  for  the  com- 
pany's own  use  or  for  apartments  let  out  to  tenants.  As  a 
distance  of  2,000  feet  from  the  point  of  distribution  has  been 
successfully  covered,  without  intimation  that  the  limit  has 
been  reached,  it  is  evident  that  it  is  possible  to  cover  a  con- 
siderable area  of  territory  with  this  system.  The  insulation 
feature  is  the  draw-back,  while  the  favorable  feature  is  the  low 
pressure  in  the  pipe  system. 

A  pipe  that  has  been  used  with  success  is  cast  iron  bell  and 
and  spigot  pipe,  with  joints  made  in  special  manner.  The 
pipes  are  laid  in  boxes  made  of  creosoted  or  "kyanized'* 
plank,  the  boxes  being  filled  with  a  mixture  of  pitch  and  cork. 
The  good  results  obtained  in  operation  speak  well  for  this  form 
of  piping  and  insulation,  as  there  can  be  no  question  that  it  is 
upon  these  features  that  the  success  depends. 

ABSORPTION   SYSTEM    WITH    DIRECT   EXPANSION. 

The  application  of  the  direct  expansion  system  to  pipe  line 
refrigeration  involves  the  use  of  a  suitable  expansion  or  regu- 
lating valve  on  the  premises  of  the  customer.  In  order  to 
obtain  the  greatest  friction  head  possible  and  at  the  same  time 
be  able  to  produce  low  temperatures  at  distant  points  it  is  de- 
sirable to  have  low  back  pressure  at  the  station.  This  condi- 
tion implies  low  density  of  vapor  or  more  likely  superheated 
gas  in  the  return  mains.  As  the  absorption  system  is  best 
adapted  to  operate  under  these  conditions,  this  system  is  gen- 
erally used  for  the  purpose.  Furthermore  this  system  is  in- 
herently adapted  to  operate  under  varying  conditions  of  load. 
In  case  the  ammonia  vapor  happens  to  come  along  slowly  it 
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is  not  a  serious  matter  to  have  the  weak  liquor  wait  for  it.  It 
is  quite  a  diflferent  matter  to  have  a  compressor  operating  at 
full  speed  without  doing  any  appreciable  work. 

In  practice  the  inherent  flexibility  of  the  absorption  system 
is  materially  improved  upon  by  the  adoption  of  suitable  storage 
tanks  or  reservoirs.  Three  of  these  are  used  to  produce  the 
ideal  system.  One  of  these  is  for  holding  liquid  anhydrous 
ammonia.  This  corresponds  to  the  liquid  receiver  in  common 
use  with  the  various  systems,  including  the  compression  sys- 
tem. The  second  reservoir  is  for  the  strong  aqua  ammonia 
and  the  third  for  the  weak  aqua  ammonia. 

A  feature  largely  responsible  for  the  success  of  the  direct 
system  is  the  use  of  an  auxiliary  main,  called  the  vacuum  line, 
in  parallel  with  the  regular  supply  and  return  mains.  The 
vacuum  line  is  connected  at  the  service  connection  with  the 
liquid  line,  the  return  line  and  the  expansion  coil.  By  means 
of  this  arrangement,  with  suitable  valves,  repairs  may  be  made 
on  any  coil  or  section  of  mains  without  disturbing  the  rest  of 
the  system,  the  vacuum  line  being  used  to  exhaust  the  am- 
monia from  the  coils  or  section  of  piping  or  as  a  cross-connec- 
tion or  temporary  main  while  a  section  is  being  repaired. 

In  order  to  allow  for  expansion  and  contraction  due  to  vari- 
ations in  temperature  expansion  joints  are  required  in  the 
piping.  These  pipes  are  in  some  cases  encased  in  a  protecting 
covering,  though  insulation  is  not  always  required.  The  re- 
frigerant is  maintained  in  a  liquid  condition  up  to  the  expan- 
sion valve  by  the  condenser  pressure.  The  expansion  valve 
is  adjusted  so  as  to  allow  complete  vaporization  in  the  coils 
of  the  refrigerator,  so  that  the  vapor  enters  the  return  mains  at 
slight  superheat  though  at  low  temperature,  so  that  there 
would  be  some  advantage  in  insulation  of  the  return  mains. 

ECONOMIC   CONSIDERATIONS. 

A  large  consumer  can  afford  to  have  his  own  refrigerating 
plant.  This  a  small  consumer  cannot  do.  A  similar  state- 
ment might  apply  to  electric  lighting  and  to  other  industries. 
The  central  station  is  a  necessity  to  the  small  consumer.  It 
may  also  be  a  help  to  a  large  consumer. 
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The  small  consumer  can  afford  to  pay  a  good  price  to  the 
central  station  for  something  he  cannot  obtain  in  any  other 
way.  The  necessity  for  exorbitant  rates,  however,  does  not 
exist  in  the  supply  from  the  central  station,  on  account  of  the 
great  economy  obtainable  by  production  on  a  large  scale. 

Furthermore,  there  is  economy  in  the  actual  refrigeration 
as  against  the  utilization  of  ice,  on  account  of  the  avoidance 
of  waste  in  refrigerating  material.  A  reference  to  the  subject 
of  relative  rating  of  machines  for  refrigerating  and  ice  making 
will  help  on  this  point.  An  amount  of  refrigerating  equiva- 
lent to  that  produced  by  the  expansion  coil  in  the  refrigerated 
chamber,  rated  according  to  the  usual  methods  in  tons  of  ice 
melting  capacity,  would  be  capable  of  producing  only  from 
fifty  to  sixty  per  cent,  of  that  amount  of  ice. 

The  question  of  delivery  arises  in  either  case.  In  the  cen- 
tral station  system  there  is  a  network  of  piping  to  maintain. 
With  the  ordinary  methods  there  is  a  system  of  delivery 
wagons  to  maintain.  The  delivery  of  ice  is  one  of  the  largest 
factors  in  the  cost,  especially  to  the  smaller  consumer. 

While  the  stage  has  not  been  reached  for  supplying  household 
refrigerators,  the  fact  that  good-sized  plants  that  have  been  in 
operation  for  years  have  been  displaced  by  central  station 
supply  shows  that  the  system  of  pipe  line  refrigeration  has 
merits  in  the  line  of  economy. 

With  the  record  of  the  progress  that  has  been  already  made 
in  mind,  we  may  yet  hope  for  connecting  our  ice  boxes  and 
refrigerating  systems  in  our  homes  with  the  central  station. 
Then  will  have  been  reached  the  acme  of  convenience  and 
comfort  through  our  ability  to  obtain  refrigeration  as  well  as 
water,  light  and  heat  by  the  simple  turning  of  a  handle  or 
pressing  a  button. 


CHAPTER  V. 

ICE-MAKING. 

The  modern  system  of  refrigeration  owes  its  origin  to  the 
development  of  the  process  of  artificial  ice-making.  The  ice 
machine  came  first  and  the  idea  of  producing  the  cold  at  the 
place  where  it  is  wanted  followed. 

Much  time  and  space  could  be  devoted  to  a  consideration 
of  the  early  history  of  the  art  and  the  vicissitudes  through 
which  it  has  passed  to  reach  the  stage  of  the  present  day. 
Suffice  it  to  say  as  regards  this  feature  that  it  has  long  emerged 
from  the  experimental  stage  and  has  settled  down  to  a  routine 
business.  There  will  be  changes  and  improvements  with  the 
advance  of  time,  but  these  may  be  expected  to  follow  along 
the  channels  already  marked  out.  Changes  of  a  radical  or 
revolutionary  character,  always  a  possibility  in  this  startling 
age,  are  creating  very  little  disturbance  along  this  line  of  work. 

There  are  two  general  methods  of  ice-making  distinguished 
by  the  relative  locations  of  the  freezing  mediums  and  the 
water  to  be  frozen  :  one  in  which  the  water  to  be  frozen  is  out- 
side of  the  freezing  medium,  and  the  other  in  which  the  freez- 
ing medium  surrounds  the  water. 

The  representative  of  the  first  class  is  known  as  the  plate 
system.  The  other  is  known  as  the  can  system.  In  the  plate 
system  the  ice  is  formed  on  the  outer  walls  of  a  hollow 
plate,  adapted  for  the  circulation  of  the  refrigerating  medium 
in  the  interior  space.  In  the  can  system  the  ice  is  frozen  in 
cans  immersed  in  a  freezing  mixture  made  of  brine. 

Other  systems  are  advocated  and  used  to  some  extent  such 
as  the  cell  system  in  which  the  ice  is  formed  in  cells  formed  by 
subdivision  of  a  large  tank  and  the  block  system  in  which  a 
large  body  of  water  is  frozen  in  a  tank  and  the  ice  cut  into 
blocks.     All  of  these  possess  more  or  less  merit.    The  essential 
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principles  may  be  obtained,  however,  from  a  consideration  of 
the  two  systems  mentioned. 

HYGIENIC   AND    TRANSPARENT   ICE. 

Hygienic  ice  would  be  such  as  would  be  wholesome  or  sani- 
tary, or  non-injurious  to  health  if  taken  internally  into  the 
system.  Ice  made  from  potable  water  by  natural  processes 
would  be  hygienic.  With  doubts  as  to  the  wholesomeness  of 
the  water,  there  would  be  doubts  as  to  the  quality  of  the  ice. 
Ice  may,  however,  be  hygienic  and  still  not  be  transparent. 
In  other  words  it  is  not  necessary  for  ice  to  be  clear,  crystal 
ice  to  be  hygienic.  As  this  fact  is  not  generally  understood,  the 
market  demand  is  for  the  clear  and  crystal  ice,  with  the  under- 
standing that  it  is  hygienic.  This  demand  has  been  met  suc- 
cessfully, although  to  meet  the  demand  for  transparent  ice  has 
involved  considerable  ingenuity  and  elaborateness  of  method, 
all  of  which  add  to  the  cost  of  the  product.  The  fact  is  that 
the  principal  cause  of  opaqueness  is  the  presence  of  air  in  the 
water.  Various  elaborate  schemes  have  been  devised  for  the 
removal  of  this  air,  especially  with  the  can  system,  involving 
some  method  of  agitating  the  water  during  freezing.  This 
was  accomplished  by  a  mechanical  agitator  or  paddle  in  the 
can,  operated  from  a  shaft  or  by  admitting  air  under  pressure 
at  the  bottom  of  the  can  by  means  of  a  perforated  pipe,  thus 
producing  a  circulation.  Towards  the  end  of  the  process  in 
either  of  these  methods  the  special  devices  had  to  be  removed 
from  the  can  to  prevent  being  frozen  into  the  block  of  ice. 
Another  method  was  to  agitate  the  whole  can  during  the  freez- 
ing process.  The  final  methods  of  to-day  for  use  on  a  scale  is 
for  the  plate  system  to  agitate  the  water  by  means  of  jets  of 
compressed  air,  admitted  at  the  bottom  of  the  freezing  cell  and 
to  use  water  in  the  can  system  from  which  the  air  has  been 
removed  by  distilling,  in  which  process,  of  course,  the  water 
is  at  the  same  time  made  wholesome,  so  that  ice  made  by  this 
process  ought  to  be  unquestionably  hygienic. 
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PLATE    ICB-MAKING. 

The  plate  ice-making  process  is  a  good  imitation  of  the 
natural  process  of  making  ice  on  rivei:s  and  ponds,  except  that 
the  ice  cake  is  formed  against  a  vertical  plate  instead  of  hori- 
zontally. Similarly  to  the  natural  process,  as  the  ice  forms, 
particles  of  foreign  matter  in  suspension  in  the  water  are  re- 
jected to  the  residual  unfrozen  portion.  This  is  drawn  oflF  at 
the  termination  of  the  freezing  process.  Air  particles  are 
removed  hy  agitation  hy  compressed  air  jets  admitted  at  the 
bottom.  The  ice  is  made  in  large  blocks  which  require  cut- 
ting up  into  smaller  blocks  of  marketable  size.  One  standard 
size  is  16  feet  long  by  8  feet  deep  and  12  inches  thick,  pro- 
ducing after  harvesting  a  net  result  of  about  3  tons,  allowing 
about  20  per  cent,  for  losses. 

In  order  to  handle  these  large  blocks  of  ice,  powerful  hoists 
ing  and  transporting  mechanism  is  required.  For  this  pur- 
pose a  modem  traveling  crane  is  employed,  the  ice  being  sup- 
ported by  chains  passing  around  the  same  or  by  means  of 
wrought  iron  rods  frozen  into  the  ice.  For  convenience  in 
handling,  the  ice  is  delivered  by  the  crane  to  a  tilting  table, 
on  which  it  is  brought  to  a  horizontal  position  and  cut  up  to 
the  desired  size  by  suitable  saws.  An  isometric  view  of  a  com- 
plete plate  ice-making  plant  is  shown  in  Fig.  24. 

The  freezing  plate  is  made  up  with  sides  of  sheet  metal,  en- 
closing some  arrangement  for  the  circulation  of  the  freezing 
medium  as  well  as  means  for  releasing  the  frozen  cake  from 
the  plate.  A  number  of  different  plans  are  followed  in  regard 
to  the  internal  arrangements  of  the  freezing  plate.  Either  the 
direct  or  indirect  brine  system  may  be  employed. 

One  plan  is  to  use  the  entire  space  between  the  plates  for  the 
circulation  of  brine,  the  releasing  of  the  plate  being  affected  by 
the  use  of  warm  brine. 

It  is  more  common,  however,  to  have  the  plates  of  sheet 
metal  serve  as  a  facing  for  a  coil  of  pipe  for  the  circulation  of 
the  cooling  medium.  With  direct  expansion  the  release  of  the 
plate  may  be  affected  by  the  circulation  of  warm  gas  from  the 
condenser  in  the  freezing  coil  or  by  the  circulation  of  hot  gas, 
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or  hot  water  or  brine  in  a  special  coil  for  the  purpose.  With 
the  direct  expansion  there  is  some  unevenness  of  freezing  due 
to  drop  in  temperatures  along  the  length  of  the  expansion  coil 
from  the  regulating  valve  to  the  compressor.  The  method 
would  in  general  have  the  advantage  of  economy  of  power, 
which  is  quite  an  item  for  any  ice  plant. 

The  usual  good  results  obtained  with  the  indirect  brine 
system,  apply  also  to  the  making  of  plate  ice. 

A  typical  method  of  constructing  the  freezing  tank  and 
cells  is  to  use  one  large  tank,  subdivided  into  cells  two  or  three 
feet  wide  by  the  freezing  plates.  The  number  of  compart- 
ments or  cells  is  selected  to  allow  for  drawing  the  ice,  cleaning 
and  refilling  of  one  each  twenty-four  hours.  The  time  of 
freezing  would  be  accordingly  about  one  week,  for  a  thick- 
ness of  one  foot. 

In  the  mechani^cal  operations  of  harvesting  there  is  ample 
opportunity  for  utilizing  up-to-date  labor-saving  devices,  such 
as  hoisting  and  traveling  cranes ;  automatic  machinery  for 
sawing  ice  into  blocks ;  and  power  ice  handlers  and  conveyors. 

CAN    ICE-MAKING. 

Although  the  can  process  of  ice-making  as  carried  out  in 
accordance  with  the  prevailing  methods  involves  more  care 
in  producing  the  same  quality  ice  as  the  plate  process,  it  is 
nevertheless  the  fact  that  probably  two-thirds  to  three-fourths 
of  the  artificial  ice  is  made  by  this  process. 

The  plan  followed  in  general  is  to  form  the  ice  in  moulds 
or  cans,  the  lower  portions  of  which  are  arranged  to  be  sur- 
rounded by  brine  at  freezing  temperature. 

Necessary  features  are  a  freezing  tank,  with  freezing  me- 
dium, ice-moulds  or  cans,  and  arrangements  for  lifting  cans 
with  ice  out  of  tank,  removing  ice  from  cans,  re-filling  cans 
and  replacing  in  tank. 

Special  features  would  include  means  and  methods  employed 
with  a  view  to  increasing  the  economy  and  facilitating  the 
handling  and  storing  of  the  product.  These  involve  the  shape 
and  size  of  the  moulds,  dimensions  and  construction  of  tank, 
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means  of  reducing  temperature  of  brine  for  freezing,  means 
for  improving  the  transfer  of  heat  from  the  moulds  to  the 
brine,  and  labor-saving  devices  for  use  in  the  operations  of 
harvesting  the  ice  and  re-filling  cans.  Of  most  importance  of 
all  are  the  means  provided  for  obtaining  water  free  from  foreign 
matter,  especially  such  as  would  prevent  the  production  of  ice 
that  would  be  wholesome  and  clear. 

As  there  is  some  choice  of  method  in  carrying  out  these 
various  features,  and  furthermore  as  changes  are  more  or  less 
involved,  a  change  in  one  feature  necessitating  a  change  some- 
where else,  there  is  more  or  less  variety  in  details  for  different 
plants,  even  for  plants  of  good  size  and  giving  good  results. 

Under  the  circumstances  it  may  suflBce  to  call  attention  to 
methods  that  are  in  use  with  good  success,  with  some  reference 
to  other  methods  that  have  been  used  to  some  extent  to  at- 
tain the  same  ends. 

Brine  is  made  of  calcium  chloride,  of  as  great  a  density  as 
possible  without  danger  of  freezing. 

Freezing  tank  is  made  of  steel,  with  suitable  insulation  on 
outside,  in  accordance  with  one  of  the  recognized  standard 
plans.  Covers  are  somewhat  of  a  weak  feature.  They  are 
generally  madeof  wood,  without  special  insulation,  the  insula- 
tion qualities  being  sacrificed  in  favor  of  handling  and  dura- 
bility. 

Sodium  chloride  brine  and  wooden  tanks  were  in  common 
use  for  a  long  period,  and  are  still  much  used.  The  reasons 
for  the  coming  irito  favor  of  calcium  chloride  are  further  en- 
larged upon  in  the  following  pages  in  the  chapter  on  brine. 

STANDARD    CANS. 

Action  along  the  line  of  standardization  of  ice  cans  was 
taken  at  a  meeting  of  ice  and  refrigerating  machine  builders 
held  at  Cincinnati,  April  3,  1903,  with  results  as  given  below  : 

Cans  made  of  No.  16  steel  are  to  have  sides  turned  over  at 
top  and  bottom. 

Cans  made  of  No.  14  steel   are  to  have  sides  brought  up 
flush  at  top  and  bottom. 
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All  cans  are  to  have  one-inch  inverted  bottom. 
Bands  are  to  be  welded  and  galvanized  with  f  hole  for 
lifting  hook,  the  bottom  of  hole  +4^'  from  top  of  band. 


DBTAILB  OF  CANS. 

Dimensions  in  Inches. 

Capacity, 
lbs. 

Top. 

Bottom. 

Depth. 

Band. 

Material. 
U.  8.  Gauge. 

Inside. 

Outside. 

60 

8x8 

Vjx   7} 

31 

32 

lixj 

No.  16  steel. 

100 

8    xl6 

7txl5i 

31 

32 

2  xj 

i(        (t 

200 

llix22} 

10Jx21} 

31 

32 

2  xj 

((        (( 

300 

11JX22J 

10}  X  21 J 

44 

46 

2  X} 

U              11 

400 

Uix22i 

10^x21} 

67 

68 

2  xJ 

No.  14  steel. 

Brine  refrigeration  is  to  be  effected  in  a  brine  cooler,  outside 
of  the  freezing  tank.  This  method  does  not  correspond  with 
the  one  in  most  common  use,  in  which  the  brine  is  reduced 
in  temperature  by  means  of  expansion  coils  installed  sub- 
merged in  the  brine  in  the  freezing  tank.  The  latter  method 
was  generally  preferable  to  separate  refrigeration  of  the  brine 
with  the  old-fashioned  brine  tank,  but  cannot  equal  the  re- 
sults obtained  in  the  modern  double-pipe  brine  cooler. 

Rate  of  freezing,  or  what  amounts  to  the  same  thing,  rate  of 
transfer  of  heat  from  water  to  be  frozen  to  brine,  is  facilitated  by 
agitation  of  brine  and  keeping  the  same  in  circulation.  With 
separate  cooling  of  brine  this  result  is  readily  attained  by  a 
proper  location  of  inlet  and  outlet  pipes  for  brine,  which,  of 
course,  is  maintained  in  circulation  by  pumps.  With  the 
evaporating  coils  within  the  freezing  tanks  the  brine  is  kept 
in  motion  by  means  of  propellers  or  circulating  pumps. 

For  harvesting,  use  pneumatic  or  electric  hoist  mounted  on 
a  traveling  crane,  arranged  to  deliver  to  an  automatic  thaw- 


ICE-MAKING.  61 

ing  and  dumping  device.  In  this  device  the  water  should  be 
automatically  turned  on  when  it  is  wanted  for  releasing  the 
ice  from  the  can  and  shut  off  again  when  the  ice  has  slid  out 
of  the  can  and  water  is  consequently  no  longer  needed. 

This  idea  may  be  further  elaborated  by  arranging  to  have 
several  cans  harvested  at  a  time  or  as  many  as  a  whole  row. 

The  filling  of  cans  may  be  arranged  by  means  of  an  auto- 
matic can-filler  which  is  arranged  to  fill  from  the  bottom,  so 
as  to  avoid  as  much  as  possible  the  entraining  of  air  and  which 
is  arranged  to  shut  off  the  water  when  the  proper  depth  is 
reached. 

The  apparatus  that  has  been  mentioned  would  be  sufiicient 
to  produce  ice,  provided  simply  that  the  cans  were  filled  with 
water.  As  we  are  considering  in  the  present  case  what  will 
be  required  to  produce  the  best  product,  it  is  necessary  to  add 
elaborate  water-distilling  and  -purifying  apparatus.  Assumed 
that  the  plant  is  operated  from  a  steam  engine,  there  is  exhaust 
steam  available  for  the  larger  part  of  the  supply  needed.  Sur- 
plus can  be  added  directly  from  the  boiler.  .  This  latter  would 
not  call  for  much  complication.  It  is  the  steam  that  has  been 
used  in  the  engine,  after  having  become  laden  with  lubricat- 
ing oil  in  the  C3*linder  that  does  require  special  treatment. 
Briefly  described,  this  consists  of  the  following : 

Oil  separation,  in  the  oil  separator;  condensation  in  the 
steam  condenser ;  re-boiling  to  drive  out  air  and  remaining 
oil,  in  the  re-boiler;  skimming  in  the  skimmer,  to  remove 
scum  and  impurities  by  running  off  at  top,  these  latter  two 
processes  being  generally  combined ;  filtration  by  passing 
through  suitable  filters  of  water  drawn  from  the  bottom  of  the 
skimmer  ;  fore-cooling  in  the  cold-water  storage-tank,  prelimi- 
nary to  freezing. 

Between  the  steam  separator  and  the  steam  condenser  it  is 
a  point  in  economy  to  utilize  as  much  heat  as  possible  in  the 
steam  to  be  condensed  in  a  heater  for  heating  feed-water  for 
the  boiler. 

An  isometric  view  of  a  complete  can  ice-making  plant  is 
shown  in  Fig.  25. 
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OPERATIVK   FEATURES   AND   COST. 

In  general  a  plate  plant  for  a  given  capacity  costs  nearly 
twice  as  much  to  install  as  a  can  plant,  while  the  yield  for 
a  given  amount  of  power  is  perhaps  30  per  cent,  to  40  per 
cent,  greater.  With  gas  or  water  power  or  cheap  electric  power 
available,  and  water  suitable  for  producing  merchantable  ice 
without  distillation,  the  plate  system  would  be  the  proper  one 
to  use.  With  steam  power,  while  the  plate  plant  would  un- 
questionably hold  its  own  in  point  of  economy,  the  advantages 
would  not  be  so  great  as  to  lead  to  a  general  adoption  of  the 
plate  system,  especially  in  view  of  the  higher  cost  of  installa- 
tion. 

The  extra  cost  of  the  plate  plant  covei-s  in  large  part  labor- 
saving  devices,  which  pay  for  themselves  in  the  normal  con- 
ditions of  operation.  The  plate  plant  will  produce  a  larger 
output  of  reliable  quality  with  less  skillful  oversight  and 
management  than  a  can  plant.  Neglect  in  a  can  plant  may 
result  in  the  production  of  a  bad  run  that  would  lead  to  com- 
plaints and  a  damaged  reputation. 

STORAGE. 

A  feature  in  favor  of  the  plate  system  is  facility  of  storage. 
Can  ice  does  not  lend  itself  to  economical  storage  on  account 
of  the  wedge  shape  of  the  cake  and  for  the  same  reason  exposes 
relatively  much  larger  surfaces  to  contact  with  the  air.  There- 
fore, it  is  not  policy  to  store  can  ice  in  quantities  for  long 
periods. 

Plate  ice  on  the  other  hand  can  be  cut  in  blocks  for 
economical  storage,  like  natural  ice,  and  can  be  stored  practi- 
cally indefinitely.  The  result  of  this  is  that  a  small-sized 
plate  plant  operated  steadily  throughout  the  greater  part  of  the 
year,  and  storing  the  product  for  the  busy  season,  may  answer 
to  serve  a  field  that  would  require  a  can  plant  of  much  larger 
capacity  operated  to  meet  the  maximum  demand  as  it  arises. 
Accordingly  the  relative  cost  of  installation  of  a  plate  plant 
and  a  can  plant  on  this  basis  would  be  more  nearly  in  favor  of 
the  plate  plant. 
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Can  ice  requires  refrigerated  rooms  for  storage,  whereas 
plate  ice  can  be  stored  in  every  way  like  natural  ice.  Never- 
theless, present  practice  seems  to  favor  refrigerated  storage 
rooms  in  any  case.  Rooms  are  maintained  at  about  26^  F. 
by  means  of  either  direct  expansion  or  brine  coils.  With 
18^  F.  brine,  there  would  be  required  about  50  square  feet  of 
pipe  surface  for  1000  cubic  feet  of  storage  space,  while  with 
direct  expansion  there  would  be  required  about  two-thirds  to 
three-fourths  of  this  amount. 

SPACE  REQUIREMENTS. 

Ground  space  charts  ar6  shown  in  Figs.  26  and  27  for  plate 
ice-making  plant,  exclusive  of  storage  room,  and  in  Fig.  28 
for  can  ice-making  plant  complete.  It  will  be  noted  that  even 
for  the  conditions  given  the'ground  area  for  the  plate  plant  is 
nearly  as  great  as  for  the  can  plant  of  corresponding  size,  being 
close  to  200  square  feet  per  ton. 

OUTPUT. 

The  production  for  a  plate  plant  will  range  from  10  tons'to 
14  tons  of  ice  per  ton  of  coal,  while  for  a  can  plant  the  range 
will  be  from  6  to  7J  tons. 

COST. 

The  cost  is  an  interesting  and  important  feature  and  as  in 
other  lines  may  be  varied  considerably  by  local  conditions  and 
the  ideas  of  the  promoter.  Accordingly  data  on  this  line  are 
to  be  regarded  merely  as  approximations,  representing  what 
may  be  expected  for  average  conditions. 

A  few  data  on  cost  are  given  herewith,  suflBcient  to  give  a 
general  idea  of  this  phase  of  the  subject. 

COST  OF  INSTALLATION. 

An  estimate  as  to  cost  of  installation  as  given  by  a  promi- 
nent manufacturer  is  as  follows : 

Can  system $5.50  per  ton. 

Block  system 6.50  per  ton. 

Plate  system  with  direct  expansion  plates     .     .     8.00  per  ton. 
Plate  system  with  brine  plates 10.00  per  ton. 
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COST  OP  OPERATION. 

The  operating  expenses  of  an  ice-making  plant  are  made  up 
of  salary  of  superintendent  and  engineers,  wages  of  firemen, 
tankmen,  and  other  labor,  cost  of  fuel,  light,  oil  and  waste, 
slight  loss  of  chemicals  and  sundry  small  repairs. 

The  amount  of  salary  paid  the  superintendent  and  engineers 
is  of  course  dependent  upon  the  size  of  the  plant.  Firemen, 
tankmen  and  other  labor  are  paid  $1.25  to  $1.75  per  day  of 
twelve  hours. 

The  cost  of  fuel  is  of  course  dependent  upon  the  available 
market.  The  consumption  of  steam  by  a  single  cylinder,  non- 
condensing  Corliss  engine  is  26  pounds  per  1  H.  P.  per  hour. 
Under  summer  conditions  with  condensing  water  at  70  de- 
grees, and  carrying  190  pounds-  condenser  pressure  and  15 
pounds  suction  pressure,  about  2J  H.  P.  is  required  to  produce 
one  ton  of  ice.  There  will,  therefore,  be  required  for  the 
engine  operating  the  ammonia  compressors  approximately 
58 J  pounds  of  steam,  or,  figuring  the  evaporative  power  of 
coal  at  eight  pounds  of  water  evaporated  per  pound  of  coal 
burned,  7J  pounds  of  coal  per  ton  of  ice-making  capacity  per 
hour.  The  balance  of  the  plant  will  require  approximately 
12  pounds  of  steam  or  1 J  pounds  of  coal  per  hour,  making  a 
total  of  8f  pounds  of  coal  per  ton  of  ice-making  capacity  per 
hour,  or  210  pounds  per  day. 

If,  however,  the  ice  is  made  from  distilled  water,  as  with  the 
"  can  system,"  the  amount  of  water  evaporated  is  about  20  per 
cent,  greater  than  the  weight  of  ice  obtained.  This  excess 
represents  steam  escaping  to  the  atmosphere ;  also  the  loss  in 
skimming  and  loss  by  melting  of  the  ice  in  extracting  it  from 
the  cans.  The  total  steam  consumed  per  ton  of  ice-making 
capacity  per  day  is,  therefore,  2,400  pounds,  this  requiring  a 
consumption  of  300  pounds  of  coal. 

A  table,  giving  approximate  cost  of  operating  ice  factories 
is  given  herewith. 
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CHAPTER  VI. 

PRACTICAL   PRIMARY    REFRIGERATING    MEDIUMS. 

There  can  be  no  question  as  to  the  importance  of  the  role 
played  by  the  primary  refrigerating  medium  in  a  refrigerating 
plant.  Accordingly,  it  ought  to  be  of  interest  to  consider  the 
qualifications  that  determine  the  use  of  such  a  medium.  In  do- 
ing this  it  will  be  of  assistance  to  bear  in  mind  that  the  func- 
tion of  a  refrigerating  medium  is  to  store  up  heat  at  a  low 
temperature,  and  discharge  it  at  a  high  temperature,  with  the 
assistance  of  mechanical  energy.  Accordingly  one  of  the 
essential  qualifications  of  a  refrigerant  is  the  ability  to  absorb 
a  large  amount  of  heat  at  the  lower  temperature  which  it  can 
deliver  at  the  higher  temperature.  Further  than  this,  there 
must  be  reasonable  and  practical  limitations  to  the  working 
pressures  and  size  of  apparatus. 

In  seeking  a  medium  to  meet  these  requirements,  recogni- 
tion is  taken  of  the  physical  property  of  matter  in  general  that 
in  changing  the  physical  state,  as  from  a  liquid  to  a  vapor, 
an  appreciable  amount  of  heat  is  stored  up  as  latent  heat 
without  change  in  temperature,  which  heat  is  again  given  up 
when  the  liquid  condition  is  again  resumed.  Accordingly,  a 
suitable  substance  is  one  that  can  be  changed  alternately  from 
a  vapor  to  a  liquid  and  back  again  within  the  given  range  in 
temperature  and  at  the  same  time  has  a  high  value  for  the  so- 
called  heat  of  vaporization. 

Briefly  stated,  heat  of  vaporization  is  drawn  in  at  the  lower 
temperature  and  heat  of  liquefaction  is  delivered  at  the  higher 
temperature. 

Another  feature  of  importance  is  the  fact  that  before  the 
liquid  formed  at  the  higher  temperature  can  vaporize  at  the 
lower  temperature  the  liquid  itself  must  be  lowered  in  tempe- 
rature to  correspond  to  this  lower  temperature.     The  heat  re- 
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quired  to  do  this  is  supplied  by  the  refrigerant  itself,  at  the 
expense  of  its  ability  to  take  up  heat  at  the  lower  temperature. 
This  means  simply  that  the  ability  to  do  refrigerating  duty  is 
reduced  by  an  amount  depending  upon  the  amount  of  drop 
in  temperature  for  the  liquid  and  the  specific  heat  of  the  liquid. 
Accordingly,  another  desirable  qualification  is  low  specific 
heat  for  the  liquid. 

We  have  now  stated  the  principal  requirements  in  regard 
to  a  refrigerant  and  are  accordingly  in  a  position  to  pass  on 
the  merits  of  the  refrigerating  mediums  in  common  use  from 
the  theoretical  standpoint.  These  mediums  are  ammonia 
(NH3),  sulphur  di-oxide  (SO,)  and  carbon  di-oxide  (COg). 

Critical  Data  : — In  order  to  take  advantage  of  heat  of 
liquefaction  it  is  necessary  to  operate  below  the  critical  tem- 
perature. 

The  critical  temperature  is  the  point  in  temperature  to 
which  a  gas  must  be  reduced  before  it  can  be  liquefied,  even 
with  exceedingly  great  pressure. 

The  critical  pressure  is  the  pressure  that  is  required  to  pro- 
duce liquefaction  at  the  critical  temperature. 

There  is  considerable  difference  in  the  values  for  the  critical 
data  for  the  substances  under  consideration,  as  will  be  noted 
from  the  table  given  herewith. 


critical  data. 

Critical  Temperature, 

Critical  Pressure 

Substance. 

Degrees  F. 

Atmospheres. 

NH, 

266° 

115 

80, 

313<> 

81 

811.72 

79 

CX), 

88° 

75 

87.8° 

77 

87.7° 

74 

One  atmosphere  corresponds  to  a  pressure  of  14.7  pounds 
per  square  inch. 

Whether  or  not  liquefaction  takes  place  depends  upon  the 
value  for  critical  temperature  and  the  value  for  temperature 
to  which  the  medium  is  reduced  by  means  of  the  cooling  water 
before  it  is  admitted  to  the  expansioii  valve. 
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This  value  for  temperature  will  depend  upon  whether  a 
simple  condenser  is  used  or  provision  is  made  for  liquid  fore- 
cooling  after  condensation  has  taken  place.  We  will  assume 
a  value  for  each  of  these  cases,  respectively  85®  F.  and  73®  F. 

An  inspection  of  the  table  of  values  for  critical  data  shows 
that  for  the  temperatures  given  liquefaction  will  take  place 
for  all  of  the  substances  listed  for  the  temperatures  under  con- 
sideration. It  will  be  noted,  however,  that  the  temperatures 
given  are  not  far  from  the  critical  temperature  for  COj.  As 
a  matter  of  fact  the  critical  temperature  for  this  substance  is 
very  often  exceeded,  as  in  the  tropics,  without  refrigeration 
being  actually  interrupted,  with  however,  a  loss  in  eflBciency 
of  50  per  cent,  in  some  cases. 

Heat  of  Vaporization: — As  the  refrigerating  effect  is  to 
a  large  extent  measured  by  the  value  for  latent  heat  of  vapor- 
ization, it  is  important  to  determine  this  feature.  As  this  has 
different  values  for  different  temperatures,  the  value  wanted 
is  that  corresponding  to  the  particular  temperature  at  which 
vaporization  takes  place.  The  temperature  of  vaporization 
corresponds  to  the  lowest  temperature  reached  in  the  expan- 
sion or  evaporating  coils  and  is  accordingly  the  iQwest  tempera- 
ture reached  in  any  part  of  the  system.  This  temperature  we 
will  assume  in  the  given  case  to  be  2°  F.  Data  in  regard  to 
heat  of  vaporization  for  different  temperatures  and  correspond- 
ing pressures  are  found  in  tables  giving  the  properties  of  the 
different  mediums.  Data  in  regard  to  these  points  for  the 
temperatures  that  have  been  named  are  reproduced  herewith. 


heat  of 

VAPORIZATION   AND 

PRESSUKE. 

AMMONIA. 

TEMPERATURE, 
DEO.  F. 

HEAT  OP   VAPORIZATION, 

B.  T.  U. 

PRESSURE,  ABSOLUTE,  f>OUNI>B^ 
PER  SQUARE  INCH. 

Sd"" 

501.81 

167.88 

73« 

509.68 

136.31 

2<> 

564.27 

31.84 
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SULPHUR   DIOXIDE. 
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85^ 

148.6 

66.3 

78° 

152.5 

66.8 

2o 

170.8 

11.1 

CARBON  DIOXIDE. 

86** 

29.3 

1036 

73° 

56.7 

897 

2° 

118.2 

322 

An  inspection  of  the  table  will  show  that  on  this  score  alone 
judgment  would  be  decidedly  in  favor  of  ammonia. 

The  table  shows  also  enormous  differences  in  pressures  for 
the  different  mediums.  The  fact  that  the  three  mediums  are 
actually  in  use  shows  that  they  are  within  practical  limits. 

Liquid  Cooling  : — From  the  specific  heat  of  the  liquid  and 
the  range  in  temperature  through  which  theJiquid  is  de- 
pended upon  to  cool  itself  is  determined  the  loss  in  refrigera- 
tion effect  due  to  this  cooling  of  the  liquid.  The  range  in 
temperature  is  a  feature  determined  by  the  prevailing  condi- 
•  tions  of  operation.  For  this  we  have  assumed  the  two  values 
respectively*  85—2  =  83°  F.  and  73—2=  71°  F. 

The  specific  heat  of  the  liquid  is  an  inherent  property  of 
the  refrigerating  medium  which  can  be  determined  by  experi- 
ment only.  Unfortunately  there  is  not  very  close  agreement 
for  this  feature  for  the  substances  under  consideration. 

SPECIFIC   HEAT   OF   LIQUID. 

Ammonia,  0.886  to  1.228! 

Sulphur  dioxide,  0.277,  0.33,  0.41. 

Carbon  dioxide,  0.60,  0.79,  1.00. 

Values  commonly  used  for  ammonia  are  close  to  unity. 

As  the  losses  for  liquid  cooling  are  dependent  upon  the 
value  for  specific  heat,  the  values  given  in  the  accompanying 
table  only  apply  for  the  values  for  specific  heat  given. 
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liOSSES  IN  BEFRIOERATINO  EFFECT  DUE  TO  LIQUID  COOLING 
PER  POUND. 


EAT 
D. 

NET  RBFRIGKRATINO 

TORE,  F. 

OP   LIQUl 

In  B.  T.  U. 

In  Per  cent,  of 
Heatof  Vaporlz'n. 

ErPECT  AVAILABLE, 
B.  T.  U. 

a 

H 

1 

n 

$ 

^ 

1 
^       65 

i 

g  '  S  1  8 

8 

2°  !  86°    83° 
20  1  73°    71° 

1.00 
1.00 

0.40      0.80 
0.40  '  0.80 

83      33.2 
71      28.1 

66.8 
56.2 

! 

159(    28.1^    56.2J( 

12.8)(     16.5)t  '  47.5j( 

I            1 

471.27  j  187.6 
483.27  j  142.7 

51.8 
62. 

Volume  op  Compressor  : — Now  that  we  have  a  value  for 
the  refrigeration  available  per  pound  of  refrigerant  we  can 
undertake  to  determine  the  size  of  the  compressor.  To  do 
this  it  is  necessary  to  have  data  as  to  the  volume  of  a  pound 
of  refrigerant  as  well  as  the  number  of  pounds  required.  The 
former  is  determined  from  the  tables  and  the  latter  from  the 
refrigerating  duty  required. 

For  purposes  of  comparison  it  is  of  course  possible  to  deter- 
mine the  cylinder  capacity  per  unit  of  refrigerating  eflFect, 
using  values  from  tables  as  basis. 
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The  relative  cylinder  capacity  as  obtained  fix)m  the  pre- 
ceding table  differs  somewhat  from  the  value  sometimes 
assigned  by  authorities,  the  explanation  being  that  the  latter 
represent  practical  ratios  for  normal  conditions,  and  further- 
more, that  the  differences  may  be  due  to  some  extent  to  differ- 
ences in  fundamental  data. 

It  may  be  of  some  interest  to  give  some  of  these  values,  re- 
duced to  basis  for  CO  2. 

RELATIVE  CYLINDER  CAPACITY  ON  BASIS  OF  CO,. 

Authority.                                                               NH.            SO.  CO. 

Kroeschell  Bros 5.77  14.20  1.00 

Stetefeld 4.85  13.64  1.00 

Goounann 5.00  13.5  1.00 

Lorenz ,.(63°  to  14«  F.)  4.46  12.0  1.00 

(60°  to  14°  F.)  6.64  13.9  1.00 

From  preceding  table.... (86°  to   2°  F.)  3.73  10.24  1.00 

(73°  to   2°  F.)  4.26  11.82  1.00 

The  refrigerating  duty  required  would  of  course  be  the 
number  of  heat  units  abstracted  in  the  refrigerator  in  a  given 
time.  Dividing  this  value  by  the  value  for  volume  for  refrig- 
erating effect  of  1  B.  T.  U.  would  give  the  volume  duty  for  the 
compressor  for  the  given  time. 

We  will  assume  the  refrigerating  duty  to  be  1  B.  T.  U.  per 
minute  for  the  temperature  conditions  that  have  been  given. 
For  convenience  we  will  give  the  equivalent  of  this  rate  in 
other  units. 

EQUIVALENT  OF  1  B.  T.   U.   PER  MINUTE  IN  OTHER  UNITS. 

1  B.  T.  U.  per  minute  -  1  X  60  =  60  B.  T.  U.  per  hour. 

=  60  X  24  =  1440  B.  T.  U.  per  24  hours. 

=  1440  -I-  284,000  =  .0050704  tons  per  24  hours. 

=  1  X  778  =  778  foot  pounds  per  minute. 

=  778  X  60  =  46680  foot  pounds  per  hour. 

=  46680  X  24 =1090820  foot  pounds  per  24  hours. 

=J,Sb=-«2368.    HP. 

We  are  now  ready  to  consider  the  feature  of  stroke  volume. 
We  will  need  for  this  the  speed  or  number  of  strokes  per 
minute.     From  this  value  and  the  diameter  and  area  of  cylin- 


PRACTICAL   PRIMARY   RBFRIQERATING  MEDIUMS. 


der  the  value  for  length  of  piston  travel  given  below  is  ob- 
tained from  assumed  values  for  speed  and  diameter. 


DATA  ON  PISTON  TRAVEL. 

oS  . 

LENGTH  OP  PISTON 

s 

"«g 

>.>iSl 

TRAVEL— LENGTH 

VOLUME  or 

OF  STROKE  POR 

VAPOR  TO  BB 

Si 

VOLUME  OF 

SINOLK  aCTI.nO  or 

MEAN  RATE  OF 

PUMPED  PER 

CYLINDER. 

>^  LENGTH  OF 

PISTON  TRAVEL. 

MINUTE. 

gSiS 

^sg 

STROKE  FOR  DOUBLE 
▲CTINO. 

Cu  In. 

Cu.In. 

Inches. 

Feet  per  minute. 

23 

2i 

In, 

Sq.ln. 

^ 

^ 

^ 

^ 

S 

m 

8 

3S 

S 

8 

S 

8 

s 

8 

32.2 

88.8 

8.64 

70 

.46 

1.26 

.124 

6 

28.27 

.01628    .0446 

.00189 

.095 

.2602 

.0256 

80.84 

85.3 

7.22 

70 

.44 

1.22 

.103 

6 

28.27 

.01668    .0432 

.00864 

.0908 

.252 

.02122 

It  is  of  course  impracticable  to  use  equal  cylinder  diameters 
for  the  three  mediums  as  assumed  in  the  table.  Their  actual 
values  would  be  more  nearly  2,  3  and  1  for  NH,,  SOg  and  CO^ 
respectively. 

Mean  Effective  Pressure: — An  important  feature  re- 
quired for  the  determination  of  the  power  required  is  the  mean 
effective  pressure.  This  is  determined  from  the  values  for 
pressure  in  the  expansion  coils  and  in  the  condenser  and  from 
the  curve  of  compression. 

To  assist  in  obtaining  this  value  different  methods  have 
been  devised,  involving  the  use  of  tables.  One  of  these  tables 
as  applied  to  ammonia  is  given  herewith. 
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For  the  given  conditions  the  di£ferent  pressures  for  ammonia 
would  be  as  follows : 

PRESSURE. 

Minimum  for  t  =  2°  F.  31.84  lbs.  per  square  inch. 
Maximum  for  t  =  85°  F.  167.88  lbs.  per  square  inch. 
Mean  eflFective  pressure  72.90  lbs.  per  square  inch. 

For  SOa  and  COa  it  will  answer  to  use  for  the  mean  eflFective 
pressure  a  value  obtained  from  multiplying  the  value  for  am- 
monia by  a  factor  representing  the  ratio  of  pressure  for  these 
substances. 


Temp. 

(leg.  F. 
Minimum       2^ 
Maximum     85° 
Mean 


RATIO  OF  PRESSURES. 

Pressure  lbs.  per  sq.  in. 
NH,  SO,  CO, 

31.84  11.1  222 

167.88  66.3  1036 

72.90  ,       26.84  593 


Pressure  ratio. 
NHj      SO,         CO, 
1  .348        10.1 

1  .390  6.17 

1  .369  8.135 


POWER    REQUIRED. 

From  the  data  given  the  power  required  is  readily  obtained 
as  follows : 

^gp  ^  Area  of  piston  X  mean  effective  pressare  X  mean  rate  of  travel  of  piston 
POWER  REQUIRED. 


M 

Ss: 

it 

28.27 
28.27 

MKANAPPBOnVI 
PRBBSURE. 

MEAN  RATE  OF 
PISTON  TRAVEL. 

POWEK  REQUIRED, 
HORSE  POWER. 

Lbs.  per  sq.  in. 

Feet  per  min. 

Per  B.  T.  U.  per  min. 

Per  ton  per  24  hrs. 

9^ 

N 

72.90 
72.90 

i 

26.84 
26.8« 

8 

598 
698 

M 

.095 
.0908 

i 

.2602 
.262 

8 

n 

i 

8 

n 

m 

i 

1.182 
1.14 

8 

8Soto2o 
TtPU>7P 

.0256 
.02122 

.00593 
.00666 

.00600 
.00679 

.0130 
.0108 

1.17 
1.115 

2.66 
2.15 

The  results  for  the  conditions  given  seem  to  show  that  CO^ 
is  considerably  behind  NHj  and  SO^,  as  regards  power  re- 
quired   from   the   thermo-dynamic   standpoint.      Conditions 
could  be  selected  that  would  bring  them  nearer  together,  while 
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frequently  in  practice  they  would  be  considerably  more  diverg- 
ent. It  is  evident  accordingly  that  the  choice  of  refrigerant 
is  not  determined  entirely  from  a  thermo-dynamic  standpoint. 

Practical  Considerations  : — The  large  dimensions  of  the 
SO  2  compressors  and  the  use  of  tight-fitting  leather  piston 
packing  for  CO,  compressors  tend  to  bring  the  three  types 
more  nearly  to  equality  in  operative  results,  so  that  it  is 
generally  accepted  that  they  are  practically  equal  for  normal 
conditions. 

Results  of  Tests  : — Records  of  tests  do  not  indicate  the 
superiority  of  one  of  the  three  mediums  mentioned  over  the 
other.  In  fact,  the  results  of  different  tests  on  the  same 
medium  show  as  much  variation  as  the  results  of  tests  for  dif- 
ferent mediums.  Any  set  of  results  requires  careful  analysis 
before  a  true  verdict  can  be  pronounced.  This  is  especially 
the  case  for  any  comparative  tests,  as  it  is  not  an  easy  matter 
to  get  together  apparatus  of  the  different  types  that  are  the 
best  adapted  to  the  special  duty.  Accordingly,  while  the  re- 
sults of  tests  given  below  are  of  interest  and  value,  too  much 
stress  should  not  be  placed  on  the  apparent  conclusions  that 
are  indicated  by  the  same. 

trials    at   BRITISH    DAIRY   SHOW. 

Trials  of  refrigerating  machinery  for  milk-cooling  were  made 
at  the  British  Dairy  Show  in  1905,  which  resulted  in  the 
award  being  given  to  a  machine  of  the  SOj  type,  although  an 
analysis  of  the  results  by  Mr.  A.  G.  Enock  as  reported  in  the 
British  Cold  Storage  and  Ice  Association  shows  that  the  same 
was  not  warranted  by  the  facts.  We  give  below  the  revised 
results,  as  brought  to  a  uniform  basis. 

COST  of  power  for  milk-cooling. 

Revised  results  of  trials  at  British  Dairy  Show,  1905,  on 
a  basis  of  cooling  200  gallons  of  milk  through  35.8°  F. 
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Type  of  Machine.  NH,         BO,       CO, 

Average  electric  consumption  in  units,       9.94     12.58      11.5 
Cost  at  3d,  2/5f       3/1}    2/lOJ 

Equivalent  cost  in  U.  S.  units,  ,  $.59J      .75J      .69^ 

The  discussion  provoked  by  these  tests  seems  to  indicate  the 
impracticability  of  conducting  a  comparative  test  that  will 
satisfy  all  parties  concerned. 

TESTS   BY    DANISH   AGRICULTURAL   SOCIETY. 

Tests  were  made  in  1898  by  the  Danish  Agricultural  So- 
ciety on  machines  suitable  for  dairy  use,  the  results  of  which 
are  given  below.  The  superior  results  of  the  COg  machine 
are  largely  explained  by  the  fact  that  this  machine  was  of 
considerably  larger  capacity,  the  ratio  being  approximately 
25,000  to  15.000  Thermal  Units  (Danish). 

The  units  used  are  Danish.  The  relative  value  of  Danish 
units  and  English  units  is  as  follows  :  One  horse  power  Danish 
is  taken  as  representing  480  foot-pounds,  as  against  550  English 
measurement.  1  pound  Danish  is  10  per  cent,  more  than  1 
pound  English.     The  thermal  units  are  in  pounds  C. 

COMPARATIVE  TEST  OF  REFRIGERATING  MACHINES  MADE  BY  DANISH 
AGRICULTURAL  SOCIETY,  1898, 

Power  required 
Syfltem  of  Machine.  Temperature  of  per  10,000  T.  U. 

Cooling  Water  C.  per  hour. 

Inlet.  Outlet.  H.  P. 

NH, 10«  15°        »  1.58 

OO, 10°  15°  1.15 

NH, 10°  20°  1.92 

CO, 10°  20°  1.56 

NH, 20°  25°  2.68 

€0, 20°  25°  1.90 

TESTS   BY    DR.  LORENZ. 

In  the  tests  given  below  it  will  be  noted  that  the  refrigerat- 
ing duty  was  smaller  for  the  CO  a  test  and  that  the  tempera- 
ture of  the  cooling  was  somewhat  lower,  and  also  that  the  test 
for  NH,  involved  the  use  of  one  double-acting  compressor  and 
the  front  end  of  a  second  compressor. 
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Test  of  Linde  Co.'s  NH,  Compressor  Installed  in  Municipal 
Slaughter  House  in  Mainz.* 

Test  Conducted  by  Prof.  Dr.  H,  Lorenz. 

HORIZONTAL  DOUBLE   COMPRESSOR,  DOUBLE   ACTING,  1  COMPRESSOR 

AND  FRONT  END  OF  SECOND  COMPRESSOR  USEp 

=  3/2  COMPRESSOR. 

Bore 270  m/m  =  lOf  in.  =  10.62  in.  =  88.664  sq.  in.  area. 

Stroke 600  m/m  =  19H  in.  =  19.6876. 

Piston  Rod 60  m/m  =  2f  in.  =  2.87  in.  =  4.43  sq.  in.  area. 

Speed 76.4  Bev.  per  minute. 

Comp.  Gas  Displacement .  .  .  5062  cb.  in.  per  Rev.  S/2  Comp. 
Gomp.  Gas  Displacement .  .  .  3404  cb.  in.  per  Rev.  1  Comp. 
Comp.  Gas  Displacement .  .  .  1668  cb.  in.  per  Rev.  (front). 
Comp.  Gas  Displacement .  .  .   396.861  cb.  in.  per  minute  3/2  Comp. 
Comp.  Gas  Displacement .  .  .  6920  cb.  in.  per  ton  per  minute. 
Water  Temp.  Liquid  Cooler  14. 80  C.  =  68.60  F. 

Water  Temp.  Inlet  Cond 15.1o  C.  =  69.2or.  ") 

Water  Temp.  Overflow  Cond 23.75o  C.  =  74.7o  F.  [  J^  merged 

Total  Water  Consumption  .  24801  L  =  5900  gal.  per  hour.  3     ^^  enser. 
Mean  Condenser  Temp,  of  NH,  =  27.7©  C.  =  8I.80  F. 
Corresponding  absolute  Cond.  Pr.  142  pounds. 
Mean  effective  Pressure,  4.4  Kg/qcm.  —  62.48  pounds. 
Evaporating  Temp,  of  NHj  —lOo  C.  =  l4o  F.  =  28  lbs.  evaporating  Pr. 
Comp.  Work  in  effective  H.  P.  meter.  63.54  H.  P.  =  62.65  H.  P. 
Actual  Cooling  effect,  171,380  Cal.  =  678.665  B.  T.  U.  =  67.36  Tons. 
H.  P.  -^-  Cooling  effect  =  1,092  H.  P.  Per  Ton  of  Refrigeration. 

*  "  Eis  &  Kalteindustrie,"  October,  1901. 
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Test  of  L.  A.  Kiedinger's  CO,  Compressor  Installed  in  the 
Yereinsbra^urei  Apolda.* 

Teat  Conducted  by  Prof.  Dr.  H.  Lorenz. 

COMPRESSOR,  DOUBLE  ACTING,  HORIZONTAL. 

Bore 140  m/m  =  5i  in.  =  23.75  sq.  in.  area. 

Stroke 600  m/m  =  19H  in.  =  19.69  in. 

Piston  Rod 70  m/m  =  2i  in.  =  5.94  sq.  in.  area. 

Speed   . 61.5  rev.  per  minute. 

Compressor  Gas  Displacement  .  .     822  cb.  in.  per  rev. 
Compressor  Gas  Displacement  .  .  50553  cb.  in.  per  minute. 
Compressor  Gas  Displacement  .  •   1020  cb.  in.  per  ton  per  minute. 
Water  Temperature  Condenser  .  .   19.84o  C.  =  67.5o  F. 
Water  Temperature  Liquid  Cooler  12.180  c.  =  53.760  F. 
Quantity  of  Water  used,  Condenser  16901  L.  =  4200  «*1.     \  „  .  ^ 

-Quantity  of  Water  used,  Liq.  Cooler    4892  L.  =  1292  gal.      >  conTenror 
Total  Water  Consumption  ....     5'192  gal.  per  hour.      -' 
Mean  Condenser  Temperature  of  CO,  29.1o  C.  =  84.5o  F. 
Corresponding  absolute  Con.  Pr. .   71.7  Kg/qcm.  =  67.6  atm.  gauge  Pr. 
Evaporating  Temperature  of  CO,  =  — 9.90  C.  =  14©  F. 
Corresponding  absolute  Evap.  Pr.  27.3  Kg/qcm.  =  25.4  atm.  gauge  Pr. 
Oas  Volume  of  Cylinder  per  Rev.  —  18.47  L.  =  822  cb.  in. 
Effective  Volume  of  Cylinder  per  Rev.  =  12.60  L.  ==  769  cb.  in.  = 

efficiency. 
€omp.  Work  in  effective  H.  P.  .  .   51.83  metr.  H.  P.  =  50.61  H.  P. 
Actual  cooling  effect  =  147,612  Cal.  =  584.544  B.  T.  U.  =  49.4  Tons. 
H.  P.  H-  cooling  effect  =  1.02  H.  P.  per  ton  of  Refrigeration. 

*  "  Eis  &  Kalteindustrie,"  November,  1901. 
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BKINE. 


In  the  ordinary  indirect  method  of  refrigeration  and  in  ice- 
making  a  medium  is  required  that  can  be  circulated  in  the 
liquid  form  without  freezing.  The  most  convenient  medium 
to  meet  these  requirements  is  brine.  Various  salts  have  been 
used  for  making  up  brine  for  this  purpose,  including  mag- 
nesium chloride,  sodium  chloride  (common  salt)  and  calcium 
chloride.  The  properties  of  these  different  salts  are  to  a  great 
extent  quite  similar,  so  that  in  many  cases  there  would  be 
little  to  choose  between  them.  Close  inspection,  however^ 
reveals  differences  that  need  to  be  considered  in  special 
cases.  Magnesium  chloride  is  practically  out  of  the  race  on 
account  of  the  cost.  It  is  on  account  of  cost  also  that  sodium 
chloride  has  practically  monopolized  the  field  for  an  extensive 
period. 

The  use  of  calcium  chloride  is  a  practical  necessity  where 
low  temperatures  are  desired.  In  other  cases,  the  virtues  of 
calcium  chloride  are  beginning  to  overcome  the  influence  of 
slightly  higher  cost  over  sodium  chloride,  so  that  it  may  be 
predicted  that  the  use  of  calcium  chloride  will  become  practi- 
cally universal. 

The  explanation  of  the  use  of  brine  for  the  purpose  men- 
tioned is  the  fact  that  the  freezing-point  of  water  is  reduced 
by  the  addition  of  a  foreign  substance.  The  amount  of  the 
reduction  in  boiling-point  will  increase  with  the  amount  of 
foreign  substance  added  until  the  saturation  point  is  reached. 
This  point  is  reached  with  sodium  chloride  at  a  temperature 
of  60°  F.  with  the  addition  of  25  per  cent,  by  weight  of  salt. 
This  condition  has  been  taken  as  the  100°  point  of  one  of  the 
scale  markings  on  an  instrument  adapted  to  determine  the 
density  of  brine,  known   as   the   salometer  or  salinometer. 

(70) 
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The  zero  point  indicates  the  zero  condition  for  salt  or  in  other 
words  the  density  of  pure  water.  The  scale  markings  between 
these  points  mentioned  indicate  accordingly  proportionate  de- 
grees of  density. 

As  the  density  increases  in  the  brine  the  specific  heat  is 
reduced,  so  that  a  larger  bulk  would  need  to  be  circulated  to 
produce  a  certain  refrigerating  effect.  On  this  account  it 
would  be  desirable  to  keep  the  density  as  low  as  possible.  As 
with  low  density  there  is  a  higher  freezing-point  it  is  evident 
that  the  way  to  avoid  danger  of  freezing  is  to  use  high  den- 
sity of  solution. 

There  is,  however,  a  limit  to  which  the  density  can  be  car- 
ried for  the  reason  that  the  solubility  decreases  with  the  tem- 
perature. Accordingly  as  the  temperature  is  reduced  there 
is  reached  the  point  of  saturation  at  which  salt  is  precipitated. 
This  may  result  in  clogging  of  pipes  and  general  disturbance 
of  the  normal  conditions  of  the  system. 

Solutions  in  practice  for  sodium  chloride  have  a  density  of 
from  40°  to  90°  as  read  on  the  salometer.  The  latter  reading 
is  rather  high  for  sodium  chloride  at  low  temperatures  but 
would  be  safe  for  calcium  chloride,  which  has  a  freezing-point 
about  10°  lower. 

At  about  70^  on  the  salometer  the  freezing-points  are  about 
alike  for  both  sodium  chloride  and  calcium  chloride,  being 
about  9°  F.  At  this  point  solutions  of  either  would  have  a 
specific  gravity  of  about  1.135  and  the  percentage  salt  in  so- 
lution would  be  about  17.5  for  sodium  chloride  and  16.5  for 
calcium  chloride. 

Below  this  temperature  the  lowest  limit  for  freezing  is 
reached  for  sodium  chloride  at  about  0°  F.  while  with  calcium 
chloride  it  is  possible  to  go  nearly  10°  lower. 

The  method  to  follow  in  a  given  case  is  to  take  readings  of 
density  and  temperature  and  consult  a  table  on  the  properties 
of  the  brine  used.  Regulate  the  solution  to  obtain  a  reason- 
able factor  of  safety  against  freezing  on  the  one  hand  and 
against  saturation  on  the  other.  Suitable  tables  for  use  with 
sodium  and  calcium  brine  are  given  herewith. 
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PROPERTIES  OF  BRINE. 

SOLUTION  OF  SODIUM  CULORIDB  (COMMON  SALT). 
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PROPERTIES  OF  SOLUTION   OF  CHLORIDE  OF  CALCIUM. 

(CALCIUM  BRINE.) 
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Note— The  +  sign  denotes  temperature  above  zero ;  the  —  sign  temperatures  below  zero. 
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EFFECT   ON   PIPING   AND   CONTAINING  VESSELS. 

The  effects  on  piping  and  containing  vessels  of  the  two  kinds 
of  brine  are  quite  diverse.  Sodium  brine  has  a  corrosive 
effect,  such  as  to  cause  a  gradual  deterioration  of  the  piping 
and  exposed  metallic  surfaces.  While  the  troubles  from  this 
feature  are  not  such  as  to  be  prohibitive,  nevertheless  they  can 
be  entirely  eliminated  by  the  use  of  calcium  brine,  which  has 
no  such  damaging  effect  on  the  surfaces. 

As  calcium  brine  has  a  tendency  to  absorb  moisture,  ordi- 
nary wooden  tanks  cannot  be  used  with  this  solution,  the 
effect  of  the  same  being  to  shrink  up  the  wood  and  make  the 
tank  leak.  Tanks  made  of  wood,  specially  treated  with  a  hot 
mixture  of  crude  paraffine  and  resin,  have  been  successfully 
employed.  The  best  way  in  any  case  is  to  discard  the  use  of 
wooden  tanks  altogether  and  use  tanks  made  of  steel,  espec- 
ially in  case  calcium  brine  is  to  be  used. 

THE   SALINOMETER   OR   SALOMETER. 

As  has  been  stated,  the  instrument  used  to  test  the  density 
of  brine  is  called  the  salinometer  or  salometer.  This  instru- 
ment is  a  specially-designed  hydrometer,  with  scale  markings 
suitable  to  the  purpose  for  which  it  is  to  be  used. 

The  scale  suitable  for  use  around  the  refrigerating  plant  has 
markings  from  zero,  indicating  the  density  of  pure  water,  up 
to  100°,  corresponding  to  a  solution  of  25  per  cent,  by  weight 
of  sodium  chloride  at  60^  F. 

The  scale  used  for  determining  the  density  or  degree  of 
salinity  of  sea  water,  as  in  a  marine  boiler,  is  based  on  the 
density  at  200°  F.,  a  point  taken  conveniently  near  the  boil- 
ing-point, which  is  213.4°  F.  for  sea  water.  The  reading  for 
sea  water  at  normal  density  is  one  division,  which  represents 
a  condition  with  about  one-thirty-third  by  weight  of  salt. 

Other  standard  hydrometers  also  extensively  used  are 
Baum^  and  Twaddles'  densimeter.  The  latter  is  used  largely 
in  England.  Baum^  is  more  or  less  a  standard  for  general 
use.  In  the  United  States  the  salinometer  with  100°  scale  is 
in  common  use. 
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BRINE   STRAINER. 

In  the  preparation  of  brine,  water  as  pure  and  clean  as  ob- 
tainable should  be  used  and  the  vessels  used  for  preparation 
and  storage  should  be  clean.  Foreign  matter  in  the  brine 
tends  to  produce  a  slimy  coating  on  the  surface  of  pipes  with 
a  resulting  impairment  in  their  efficiency  in  heat  transmis- 
sion. There  is  always  danger,  even  with  the  best  of  precau- 
tions, of  solid  particles  and  foreign  matter  being  taken  up  and 
carried  along  with  the  solution.  To  prevent  the  same  from 
damaging  the  pumps  and  clogging  the  valves  a  brine  strainer 

Fig.  29. 
Removable  Cover 


KCLIPSK   BRINE  STRAINER. 
Box  Strainer  attached  to  Brine  Suction  Pump  to  prevent  clogging  of  Pump  Valves. 

should  be  provided  between  the  brine  tank  and  the  pump.    A 
suitable  device  for  this  purpose  is  shown  in  section  in  Fig.  29. 

PREPARATION    OF    BRINE. 

The  preparation  of  brine  is  not  a  particularly  difficult  or 
complicated  task.  Nevertheless  for  preparation  on  a  large 
scale  there  is  considerable  labor  and  manipulation  involved, 
all  of  which  involves  the  use  of  some  combination  of  apparatus 
however  crude.  One  form  of  apparatus  suitable  for  producing 
the  solution  we  will  refer  to  briefly.  A  sectional  view  of  the 
device  is  shown  in  the  illustration,  Fig.  30. 
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The  apparatus  may  be  briefly  described  as  a  barrel  that  has 
been  subjected  to  a  species  of  transformation.  The  principle 
aimed  at  is  to  prepare  the  brine  by  allowing  the  water  to  per- 
colate through  a  body  of  salt.  In  the  arrangement  to  be  de- 
scribed the  water  is  supplied  to  the  bottom  of  the  body  of  salt 
and  the  brine  is  drawn  off  at  the  top.  To  accomplish  this  the 
barrel  or  cask  is  supplied  with  a  false  bottom  about  six  or 
eight  inches  above  the  real  bottom  of  the  same.  This  can  be 
made  of  strips  of  wood  about  an  inch  square  in  cross-section 

Fig.  30. 
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and  set  not  more  than  one-half  an  inch  apart.  This  false 
bottom  is  supported  by  two  strips  of  wood  each  about  six  or 
eight  inches  in  width,  placed  on  edge  and  nailed  to  the  bottom. 
These  boards  are  perforated  with  holes  near  the  bottom  to 
permit  of  a  free  passage  of  water.  The  inlet  for  the  water  is 
below  this  false  bottom. 

A  single  thickness  of  burlaps  is  stretched  across  the  top  of 
the  false  bottom  and  tacked  to  the  sides  of  the  barrel. 
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The  supply  pipe  should  be  of  about  1^  inch  pipe,  and  the 
outlet  pipe  about  1 J  inch  pipe.  The  outlet  pipe  for  the  brine, 
which  is  near  the  top  of  the  barrel  or  cask,  should  be  supplied 
with  a  strainer  to  prevent  chips  and  other  bodies  that  should 
be  excluded  from  being  carried  along  with  the  brine.  The 
supply  should  be  from  a  convenient  faucet  or  hose  connection. 

With  the  apparatus  arranged  as  described  and  ready  for 
use,  the  manipulation  of  the  same  is  next  to  be  considered. 
The  first  operation  consists  in  filling  the  barrel  above  the  false 
bottom  with  salt.  Turn  on  the  water  next.  The  water,  enter- 
ing at  the  bottom  and  percolating  through  the  salt,  will  flow 
out  decidedly  briny  at  the  top.  Furthermore,  the  barrel  will 
not  remain  filled  with  salt  long.  As  the  salt  dissolves  more 
should  be  shoveled  in.  The  barrel  should  be  maintained 
quite  full  of  salt  by  replenishing  the  supply  as  it  passes  away. 
The  waste  matter  that  rises  to  the  top  should  be  skimmed  off. 
No  stirring  is  necessary.  If  one  barrel  does  not  meet  the  de- 
mand, set  up  more. 

Brine  with  either  sodium  chloride  or  calcium  chloride  may 
be  prepared  in  the  manner  outlined. 


CHAPTER  VIII. 

AMMONIA   CONDENSERS. 

The  function  of  the  ammonia  condenser  is  to  condense  am- 
monia vapor  under  high  pressure  by  means  of  a  cooling^ 
medium. 

The  cooling  medium  for  the  condenser  is  of  course  water. 
The  cooler  the  water  the  less  will  be  required.  Whether  fresh 
water  or  salt  water  is  used  is  immaterial  so  long  as  it  is  econom- 
ically obtained.  In  general,  water  from  the  city  supply  would 
be  quite  expensive.  The  most  economical  method  for  a  large 
plant  would  be  to  pump  directly  from  a  river  or  lake  or  tide 
water.  To  do  this  it  is  not  necessary  for  the  location  to  be  at 
the  water  front,  as  the  expense  of  a  pipe  line  would  soon  pay 
for  itself,  as  has  been  demonstrated  for  considerable  distances. 

A  desirable  feature  of  any  refrigerating  or  ice-making  plant 
is  an  abundance  of  water  at  low  temperature,  low  cost,  of  good 
quality,  and  especially  free  from  such  impurities  as  tend  to 
form  scale  or  a  heat-resisting  coating  on  the  exposed  walls  that 
separate  the  water  from  the  ami;Qonia  to  be  cooled. 

When  water  is  comparatively  scarce  the  actual  quantity 
used  may  be  reduced  to  a  minimum  by  the  installation  of  a 
cooling  tower. 

There  are  a  number  of  different  types  of  condensers  in 
common  use,  and  also  various  modifications  of  those  of  the 
same  type,  all  of  which  diflFer  considerably  in  the  results  ob- 
tained as  regards  eflBciency,  economy  in  the  use  of  cooling 
water  and  in  operative  results  with  different  qualities  of  cool- 
ing water. 

These  various  types  may  be  classified  into  four  different 
classes,  respectively  as  submerged  condensers,  atmospheric  con-^ 
densers,  shell  condensers,  and  double-pipe  condensers. 
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SUBMERGED   CONDENSERS. 

Historically  the  first  to  appear,  and  to  a  large  extent  to 
disappear,  at  least  so  far  as  the  larger  installations  are  con- 
cerned, was  the  submerged  condenser. 

The  arrangement  followed  in  this  type  is  to  conduct  the 
ammonia  in  through  coils  of  pipe  that  are  submerged  in  a 
tank  provided  with  a  flow  of  cooling  water.  A  suitable  ar- 
rangement for  this  purpose  is  shown  in  Fig.  6,  being  similar 
to  that  used  for  a  brine  tank. 

Advantage  is  taken  in  this  type  of  the  counter-current  prin- 
ciple by  having  the  inlet  for  the  hot  ammonia  vapor  at  the 
top  of  the  coil  and  outlet  at  the  bottom,  and  having  the  inlet 
for  the  cooling  water  at  the  bottom  of  the  tank  and  the  over- 
flow outlet  at  the  top.  In  this  way  the  hot  vapor  is  brought 
in  contact  virtually  with  the  warm  water  at  the  top  and  the 
condensed  liquid  is  in  contact  with  the  cold  water  at  the 
bottom. 

The  submerged  condenser  is  not  very  efficient,  being  un- 
economical in  the  use  of  cooling  water,  as  it  is  not  feasible  to 
bring  the  greater  part  of  the  cooling  water  into  intimate  con- 
tact with  the  pipe  surface  of  the  coils  with  the  ammonia. 
Furthermore,  the  transfer  of  heat  may  be  reduced  by  a  film 
of  warm  water  or  air  bubbles  adhering  to  the  pipe  or  by  a 
coating  of  slime  and  foreign  matter  on  the  pipe  surface.  The 
coils  are  inaccessible  for  cleaning  and  it  is  diflBcult  to  detect 
leaks,  as  the  escaping  ammonia  is  absorbed  by  the  surround- 
ing water.     The  tanks  are  heavy  and  bulky. 

In  brief,  the  submerged  condenser  answered  very  well  in  its 
day  and  might  well  be  continued  in  use  if  there  were  no  better 
to  be  had.  They  answer  very  well  where  there  is  an  abund- 
ance of  water  at  low  cost  or  where  water  must  be  profusely 
used  on  account  of  poor  quality  and  where  space  and  weight 
are  secondary  considerations. 

THE    ATMOSPHERIC    CONDENSER. 

The  condenser  that  has  probably  been  used  more  exten- 
sively than  any  other  in  recent  years  is  known  as  the  atmos- 
pheric condenser. 
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This  type  is  made  up  of  a  number  of  vertical  stands  or  sec- 
tions of  horizontal  running  pipe  connected  at  the  ends  by 
return  bends,  with  a  gutter  along  the  top  from  which  cooling 
water  is  admitted  in  fine  streams  along  the  top  of  the  upper- 
most pipe,  the  water  trickling  downwards  from  this  pipe  by 
gravity  and  passing  in  succession  over  the  other  layers  of  pipe 
below. 

The  water  is  collected  below  in  a  pan  with  walls  extending 
far  enough  outward  to  catch  water  that  may  be  spattered  out- 
ward from  the  coils.  The  water  may  be  run  oflf  from  the  col- 
lecting pan  to  the  sewer,  or  may  be  used  for  preliminary 
<!Ooling  or  for  some  other  useful  purpose,  with  or  without  fil- 
tration, as  the  occasion  may  require. 

In  this  arrangement  the  pipes  and  the  water  are  exposed  to 
the  atmosphere.  Accordingly,  the  ordinary  cooling  effect  due 
to  contact  of  the  water  with  the  surface  of  the  pipes  is  aug- 
mented by  the  effect  due  to  evaporation  of  a  portion  of  the 
cooling  water. 

Although  this  type  of  condenser  is  far  superior  to  the  sub- 
merged condenser,  especially  in  economy  of  cooling  water,  it 
is  not  an  ideal  apparatus  for  the  reason  that  it  is  not  possible 
to  take  full  advantage  of  the  counter-current  principle. 

The  reason  for  this  is  that  the  water  must  be  admitted 
along  the  top,  so  as  to  be  allowed  to  flow  by  gravity  over  the 
rest  of  the  coil  below.  On  this  account,  to  obtain  the  best 
effect  from  the  cooling  water  it  would  be  necessary  to  have 
the  hot  vapor  from  the  compressor  delivered  to  the  lowermost 
pipe  of  the  condenser  stand  and  draw  the  condensed  liquid  off 
from  the  top.  It  is  obvious  that  this  cannot  be  done,  as  the 
liquid  as  formed  would  flow  downward  and  gather  in  the 
lower  pipes  of  the  stand. 

The  condenser  shown  in  Fig.  31  is  provided  with  galvan- 
ized water  troughs  with  leveling  device  and  also  with  perfor- 
ated drip  strips  between  the  layers  of  pipe  to  facilitate  the 
distribution  of  the  water  over  the  length  of  the  pipe  and  to 
facilitate  the  air  cooling. 

Each  section  of  the  condenser  is  supplied  with  a  stop-valve 
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on  the  inlet  and  outlet,  so  that  any  section  can  be  shut  off 
without  interfering  with  the  operation  of  the  others.  The 
condenser  is  also  provided  with  an  auxiliary  header  having  a 
stop-valve  at  each  section,  so  that  when  connected  to  the  suction 
of  the  compressor,  any  section  can  be  evacuated  of  ammonia 
without  interfering  with  the  operation  of  the  remaining  sections. 
A  close  approach  to  the  counter-current  principle  is  reached 
in  the  plan  followed  in  the  condenser  showji  in  Fig.  32.     In 


Fig 


YORK   ATMOSPHERIC  CONDENSKR   WITH    FORK-COOLER. 


this  the  hot  vapor  is  admitted  at  the'bottom  and  the  condensed 
liquid  is  drawn  off  practically  as  formed  by  means  of  small 
liquid  pipes  tapped  into  the  pipes  of  the  condenser  stand  at 
different  levels,  the  liquid  being  collected  in  a  liquid  header 
or  storage  tank  at  the  base  of  the  condenser. 

A  sort  of  comproiiiise  between  top  and  bottom  feed  is  shown 
in  Fig.  33,  in  which  hot  vapor  is  first  admitted  to  a  prelimi- 
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nary  section  of  four  pipes  in  a  horizontal  plane  submerged  m 
the  water  collected  at  the  bottom  in  the  drip  pan,  from  which 
the  vapor  is  delivered  to  the  top  of  the  vertical  section,  which 
consists  of  20  pipes,  the  liquid  outlet  being  at  the  bottom. 

The  object  of  the  preliminary  section  is  to  remove  the  heat 
of  compression  and  excess  heat  before  the  vapor  is  brought  in 
contact  with  the  cold  condenser  water  at  the  top. 

The  preliminary  section  is  provided  with  a  drain  and  trap 
leading  to  the  liquid  header  to  trap  off  any  liquid  that  may 
be  formed  and  to  prevent  the  section  from  becoming  gas 
.  bound. 

The  condenser  shown  in  Fig  34  includes  the  feature  of  gas 
fore-cooling  in  the  two  lower  lengths  of  pipe  of  the  condenser 
proper  and  liquid  fore-cooling  in  a  double  pipe  arrangement 
at  the  bottom.  By  this  arrangement  the  liquid  may  be  deliv- 
ered  to  the  expansion  valves  within  three  degrees  of  the  tem- 
perature of  the  cooling  water  instead  of  15  degrees,  as  with 
the  ordinary  condenser. 

SHELL  TYPE  CONDENSER. 

A  type  of  condenser  that  meets  with  considerable  favor  is 
known  as  the  shell  type,  shown  in  Fig.  35.  Structurally  it 
consists  of  a  vertical  cylindrical  shell  with  coils  of  pipe 
arranged  internally,  with  ends  for  connections  passing  through 
the  top  and  bottom  heads. 

The  coils  are  used  for  the  circulation  of  cooling-water,  with 
admission  at  the  bottom  and  outlet  at  the  top,  the  am- 
monia vapor  being  admitted  to  the  surrounding  space  from 
the  top,  the  condensed  liquid  collecting  in  the  bottom.  By 
this  arrangement  full  advantage  is  taken  of  the  counter-cur- 
rent principle. 

Furthermore,  by  using  the  bottom  of  the  condenser  for  liquid 
storage  the  liquid  receiver  may  be  dispensed  with,  the  features 
of  the  condenser  and  receiver  being  combined. 

This  condenser  may  be  briefly  described  as  a  sort  of  reversed 
submerged  condenser,  such  as  shown  in  Fig.  6,  which  shows 
a  construction  applicable  for  a  condenser  or  brine  tank.   There 
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IS,  however,  a  vital  diflference  in  the  arrangement  of  the  cover 
And  the  details  of  construction  of  the  shell,  which  in  the  shell- 
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type  condenser  must  be  adapted  to  retain  vapor  under  high 
tension.     Also,  there  is  no  insulation  provided  on  the  outside. 
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It  will  be  noted  from  the  plan  of  construction  that  compar> 
atively  few  high-pressure  joints  are  required  for  ammonia  and 
that  these  when  once  made  tight  are  not  liable  to  disturbances 
due  to  changes  in  temperature.  The  direct  ammonia  connec- 
tions are  made  rigid,  and  the  changes  in  the  coil  length  are 
readily  taken  up  by  the  coils  within  the  shell  without  effect- 
ing the  packed  joints  around  the  water  pipes  in  the  heads. 

They  can  be  used  in  almost  any  location  and  with  any  kind 
of  water  that  can  be  made  to  flow  through  the  cooling  pipes. 
The  internal  arrangement  is  not  such  as  to  produce  a  rapid 
interchange  of  heat  between  the  ammonia  and  the  cooling^ 
water.  By  providing  ample  surface  however  the  results  may 
be  as  good  as  the  best.  A  good  point  in  their  favor  is  the  fact 
that  the  resistance  to  the  flow  of  amnjonia  vapor  is  down  to- 
the  minimum. 

THE    DOUBLE-PIPE   CONDENSER. 

Within  a  few  years  that  almost  ideal  condenser  has  ap- 
peared, known  as  the  double-pipe  condenser.  This  type  of 
condenser  is  generally  made  up  in  vertiftal  stands  of  double 
pipe,  the  cooling-water  being  circulated  in  the  inner  pipe  and 
the  ammonia  in  the  annular  space  between  the  outer  surface 
of  the  inner  pipe  and  the  inner  surface  of  the  concentric  outer 
pipe.  By  this  arrangement  .it  is  possible  to  obtain  about  as 
intimate  a  relation  between  the  vapor  to  be  condensed  and  the 
cooling  medium  as  could  be  desired  and  also  to  take  full  ad- 
vantage of  the  counter-current  principle.  The  ammonia 
vapor  is  admitted  at  the  top,  the  condensed  liquid  collecting 
in  the  bottom  pipes,  while  the  cooling-water  is  admitted  at  the 
bottom  and  discharged  at' the  top. 

While  a  poor  double-pipe  condenser  will  probably  excel  the- 
best  of  any  of  the  other  types  for  normal  conditions,  consider- 
able thought  and  ingenuity  have  been  expended  in  an  en- 
deavor to  improve  the  details  so  as  to  obtain  the  best  results. 

The  problems  involved,  concern  details  of  construction  and 
of  operation.  There  is  no  question  that  the  construction  ia 
quite  complicated,  calling  for  special  fittings  and  a  large  num- 
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ber  of  joints.  These  structural  features,  however,  have  been 
successfully  met  in  practice,  so  that  this  cannot  be  regarded 
as  prohibitive. 

In  regard  to  details  of  operation,  an  important  feature  is 
that  of  relative  space  for  passage  of  ammonia  and  cooling- 
water.  The  pipes  used  are  commonly  1  J"  for  the  inner,  for 
the  cooling-water,  and  2"  for  the  outer,  for  the  ammonia.  As 
the  cooling-water  undergoes  no  change  in  dimensions,  practi- 
cally at  least,  a  pipe  of  uniform  dimensions  is  proper.  In  the 
case  of  the  ammonia,  however,  which  is  received  as  a  vapor  or 
gas  and  delivered  as  a  liquid,  there  is  involved  an  enormous 
change  in  volume.  Consequently  it  would  be  desirable  to 
make  the  relative  passage  for  the  vapor  as  received  consider- 
ably larger  than  for  the  liquid  that  is  discharged. 

While  the  small  space  for  the  ammonia  is.desirable  from  the 
standpoint  of  eflBcient  heat  transfer  to  the  cooling-water,  where 
the  specific  volume  of  the  gas  or  vapor  is  high  there  may  re- 
sult excessive  friction.  A  number  of  schemes  are  in  use  to 
avoid  this  effect. 

In  the  condenser  shown  in  Fig.  36  the  outer  pipes  in  the 
upper  layers  are  larger  than  those  below,  thus  affording  more 
space  relatively  for  the  hot  ammonia  vapor  than  for  the  cooler 
vapor  and  liquid  below.  In  this  case  the  two  upper  outside 
are  of  2J-inch  pipe  and  those  below  of  2-inch  pipe.  For  the 
water  pipe  IJ-inch  pipe  is  used  throughout. 

In  Fig.  37  is  shown  an  arrangement  which  ought  to  result 
in  a  reduction  of  the  friction  to  about  one-fourth  that  for  the 
ordinary  arrangement.  It  will  be  noted  that  ammonia  is  ad- 
mitted to  the  middle  of  the  length  of  piping,  the  flow  being 
divided  to  right  and  left  and  again  uniting  at  the  center. 

These  condensers  are  known  as  the  "  W.''  and  "  C."  type. 
They  are  made  of  IJ-inch  and  2-inch  pipe. 

Data  in  regard  to  these  condensers  are  given  below,  the 
capacities  being  based  on  70  degrees  for  cooling- water. 
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DATA  ON  **W"  AND  "C"  DOUBLE-PIPE  GONDENSEB. 


CAPACITY  FOB 

REFBIOERATION 

TONS. 

NVVBEB  OF  PIPES 
IM  HEIGHT. 

LENGTH     . 
OVEB  ALL. 

SHIPPING 
WEIGHT. 

2 

2 

17-6 

400 

4 

4 

17-6 

750 

6 

6 

17-6 

1100 

8 

8 

17-6 

1375 

10 

10 

17-6 

1650 

12i 

12 

17-6 

1900 

16 

14 

17-6 

2160 

Fig.  37. 


2  3 

YORK  DOUBIiB-PIPE  AMMONIA  CONDENSER  **W."  AND   **  C."  TYPE. 

1.  Qas  inlet.    2.  Liquid  outlet.    8.  Pumping  out  connection. 
4.  Water  outlet.    6.  Wftter  inlet. 

A  good  arrangement  to  follow  is  to  remove  the  excess  heat 
in  a  fore-cooler.  The  only  danger  in  this  is  in  possible  con- 
densation in  the  fore-cooler,  resulting  in  holding  back  of  gas 
and  general  disturbance  until  removed. 

Any  of  the  various  diflferent  styles  of  double-pipe  condensers 
is  capable  of  giving  good  satisfaction,  provided  the  water  is 
reasonably  free  from  impurities  tending  to  produce  restriction 
of  the  passageways  and  clogging  of  the  pipes. 

One  of  the  strong  points  in  this  type  of  condenser  is  the  fact 
that  as  the  water  is  under  pressure  throughout  the  apparatus 
it  is  possible  to  make  further  use  of  the  same  for  any  purpose 
desired. 
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Furthermore,  being  self-contained,  clean,  and  dry  on  the 
outside,  the  double-pipe  condenser  can  be  located  in  any  con- 
venient place  witliout  causing  trouble  or  nuisance. 

In  regard  to  both  economy  in  the  use  of  water  and  in  the 
minimum  amount  of  cooling  surface  required  the  double-pipe 
condenser  outranks  all  others. 

The  shell  type  condenser  may  be  brought  to  the  same  con- 
dition as  to  water  requirement  by  the  use  of  about  double  the 
cooling  surface. 

The  atmospheric  condenser  requires  a  greater  quantity  of 
cooling-water  than  the  double-pipe  condenser  and  about  three 
times  the  amount  of  cooling  surface. 

The  submerged  condenser  requires  considerably  more  cool- 
ing-water than  any  of  the  others,  but  may  be  made  up  with 
from  three-fourths  to  one-half  the  cooling  surface  of  the  atmos- 
pheric type  or  50  per  cent,  more  than  for  the  double-pipe  con- 
denser. 

The  actual  amount  of  cooling  surface  used  for  the  submerged 
type  ranges  from  20  to  35  square  feet  per  ton  of  refrigeration. 

For  atmospheric  condenfeers  from  30  to  40  square  feet  per 
ton  are  used. 

The  amount  of  water  used  for  the  atmospheric  condenser 
varies  ftom  |  to  If  gallons  per  minute  per  ton  of  refrigeration, 
an  allowance  of  1  gallon  per  minute  being  a  fair  average, 
based  on  an  approximate  rise  of  10°  F.  for  the  temperature  of 
the  water. 

A  rough  table  for  relative  values  for  cooling  surface  and 
water  consumption  for  the  different  types  of  condensers  is. 
given  below. 


RELATIVE  VALUES 

FOR  COOLING  SURFACE  AND  WATER 

CONSUMPTION. 

Type  of 

Cooling 

Water 

Condenser. 

Surface. 

Consumption 

Submerged 

1 

1 

Atmospheric 

1.33-2 

.5-.8 

Shell 

1.33 

.5 

Double-pipe 

.Gc; 

.5 

CHAPTER  IX. 

RELATIVE  CAPACITY  FOR  REFRIGERATING  AND   ICE-MAKING. 

The  rating  of  refrigerating  machines  is  based  on  equivalent 
ice-melting  capacity.  A  refrigerating  duty  of  one  ton  a  day 
would  be  considered  as  equivalent  to  that  produced  by  the 
melting  of  a  ton  of  ice  in  24  hours.  The  equivalent  of  this 
value  in  heat  units  would  simply  represent  the  latent  heat  of 
fusion  or  melting,  which  would  be  the  same  in  amount  as  the 
latent  heat  of  freezing.  As  the  latent  heat  of  freezing  for  one 
pound  of  water  is  equivalent  to  about  142  B.  T.  U.,  the  total 
latent  heat  of  melting  or  freezing  for  one  ton  is  equal  to 

2000  X  142  =  284,000  B.  T.  U. 

This  value  applies  strictly  to  the  condition  of  normal  atmos- 
pheric pressure  of  14.7  pounds  per  square  inch,  corresponding 
to  a  height  of  the  mercury  column  in  the  barometer  of  30 
inches,  and  a  temperature  of  32°  F.  or  0°  C. 

The  heat  unit  known  as  the  British  Thermal  Unit  or  B.  T. 
U.  is  the  amount  of  heat  required  to  raise  one  pound  of  water 
one  degree  Fahrenheit.  This  is  equivalent  in  units  of  work 
to  778  foot-pounds. 

The  284,000  B.  T.  U.  mentioned  above  as  the  equivalent  of 
one  ton  of  refrigeration  represents  the  number  of  heat  units 
received  by  the  refrigerant  at  the  lower  temperature  limit  in 
the  refrigerator  and  discharged  to  the  condenser  cooling-water 
at  the  higher  temperature  limit.  The  heat  discharged  at  the 
higher  temperature  would  also  include  an  additional  amount 
representing  the  energy  required  to  produce  the  transfer  of 
heat  mentioned  from  the  lower  to  the  higher  temperature. 

The  relation  of  the  heat  received  and  the  heat  discharged 
would  be  proportional  to  the  absolute  values  of  the  tempera- 
tures. 

(91) 


S2  ARTIFICIAL   ICE-MAKING  AND   RSFRIGBRATION. 

Let  Q,  =  heat  received  at  absolute  temperature  T, 
Qi  =  heat  discharged  at  absolute  temperature  Ti 
Qi  — Q«  =heat  equivalent  of  work  required. 

Qi=Q.  x^ 


Q.-Q.  =  Q.(^^) 


The  relation  of  -heat  transferred  to  the  energy  required  to 
perform  the  transfer,  known  as  the  coeflBcient  of  performance, 
is  expressed  as  follows : 

Qi— Q,      T,— T, 

The  equations  represent,  of  course,  the  theoretical  basis  for  a 
given  set  of  conditions  and  do  not  allow  for  losses  and  irregu- 
larities that  are  inevitable  in  the  attempt  at  practical  applica- 
tion of  any  process. 

We  may  assume  temperature  limits  for  the  purpose  of  work- 
ing out  an  example.  We  will  assume  two  sets  of  values  as 
follows : 


l8t. 

2° 

F.  to  85°  F. :    T, 

=  462.7° 

F. 

T^ 

=  545.7° 

F. 

=il.l8 

2d. 

2° 

F.  to  73°  F. :    T, 

=  462.7° 

F 

T, 

=  533.7° 

F. 

infflv 

=  1.152 

^"6V 

Qi  =284,000  B. 

T.  U. 

Q:=Q.x^; 

=  284,000  X 

545.7 
462.7 

—  335,000  (1st) 
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533.7 

=  284,000  X4g277 
=  327,000  (2d) 

The  work  in  each  case  is  found  from  the  diflference  between 
the  two  heat  values,  thus  : 

Qi  —  Qa  =  51,000  B.  T.  U.  per  24  hours 

51,000X778      ^«^,,  ,    „ 
=  — ^A  y>  fio —  =  32,554  ft.  lbs.  per  minute 

32,554 
=  QQ  QQQ  =  .987  horse  power  (1st) 

=  43,000  B.  T.  U.  per  24  hours 
=  23,232  ft.  lbs.  per  minute 
=  .704  horse  power  (2d) 

It  will  be  noted  from  the  formula 

Qi  -  Q.  =  Q.  ^'^'  ~  '^'^ 

1st.  That  the  actual  amount  of  work  required  in  a  given 
case  depends  upon  the  range  of  temperatures,  and 

2d.  That  the  value  for  heat  units  received  at  the  lower  tem-* 
perature,  or  in  other  words  the  refrigerating  duty,  is  a  meas- 
ure of  the  work  to  be  performed. 

As  definite  temperature  limits  have  not  been  agreed  upon 
for  determining  the  unit  of  refrigeration,  no  definite  and  ab- 
solute value  can  be  assigned  for  this  unit. 

Since,  however,  the  refrigerating  duty  is  a  measure  of  the 
work  to  be  performed,  we  may  in  a  given  case  compare  the 
duty  represented  by  the  ice-melting  only  and  that  required 
for  the  actual  production  of  the  equivalent  amount  of  ice  on 
the  basis  mentioned. 

The  duty  of  a  1-ton  machine  would  be  represented  by 
284,000  B.  T.  U.  per  24  hours.  The  duty  involved  in  the 
production  of  one  ton  of  ice  would  include  the  284,000  B.  T. 
U.  representing  the  latent  heat  of  freezing  and  also  two  other 
items,  respectively  the  heat  units  required  to  bring  the  water 
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down  to  freezing  temperature  and  the  heat  units  required  to 
cool  the  ice  down  from  freezing  temperature  to  the  lowest  point 
reached,  or  in  other  words,  to  the  so-called  temperature  of 
freezing. 

The  amount  of  heat  involved  in  each  of  these  cases  depends 
upon  the  range  of  temperature  and  the  specific  heat.  The 
values  for  the  latter  are  1.00  for  water  and  about  0.5  for  ice. 

In  case  the  initial  temperature  of  the  water  is  80°  F.  and 
the  final  temperature  of  the  ice  20^  below  freezing  or  12°  F. 
the  range  of  temperature  would  be  80°  —  32°  =  48°  for  the 
water  and  32°  —  12^  =  20°  for  the  ice. 

On  this  basis  there  would  be  added  duty  of  48  heat  units 
per  pound  for  cooling  the  water  and  0.5  X  20  =  10  heat  units 
per  pound  for  cooling  the  ice.  Thus  to  produce  the  one  pound 
of  ice  M'e  have  to  remove,  in  addition  to  the  142  units  for  the 
simple  freezing,  48  +  10  =  58  units,  making  a  total  of  58  + 
142  =  200  heat  units.  For  1  ton  the  total  amount  would  be 
200  X  2000  =400,000  heat  units. 

Under  the  conditions  named  a  two-hundred-ton  refrigerating 
machine  would  be  capable  of  producing  only  142  tons  of  ice. 
•This  difference  is  increased  rather  than  decreased  by  the  inci- 
dental and  unavoidable  losses  from  the  tanks,  handling,  and 
storage. 

Accordingly,  the  rating  of  machines  for  ice-producing  is 
much  lower  than  for  refrigerating,  being  commonly  given  at 
from  50  to  60  per  cent.,  so  that  a  hundred-ton  refrigerating 
machine  would  be  rated  as  a  50-ton  or  60-ton  ice  machine. 
It  is  evident  that  this  rating  is  merely  nominal,  and  that 
the  ratio  would  depend  upon  the  existing  local  conditions  in 
a  given  case. 


CHAPTER  X. 

INSULATION. 

There  is  nothing  more  self-evident  in  connection  with  the 
subject  of  refrigeration  than  the  necessity  of  good  insulation. 
All  agree  that  insulation  is  a  good  thing,  and  is  something 
that  we  cannot  have  too  much  of,  so  far  as  concerns  the  econ- 
omy of  operation  of  the  plant.  But  economy  of  operation  is 
one  thing,  and  economy  of  insulation  is  another.  Fortunately, 
however,  good  insulation  is  by  no  means  so  expensive  as  to  be 
prohibitive.  The  principal  thing,  of  course,  is  to  know  what 
is  to  be  accepted  as  satisfactory.  Perfection  cannot  be  at- 
tained. When  it  is  considered  that  the  losses  due  to  imper- 
fect insulation  are  continuous  during  the  operation  of  the 
plant,  it  is  plain  that  any  gain  in  checking  this  waste  is  to  be 
measured  in  its  eflFect  on  the  coal-pile. 

The  subject  of  insulation  may  be  conveniently  considered 
from  two  aspects  :  first,  as  applied  to  pipes,  or  pipe  insulation  ; 
second,  as  applied  to  buildings,  or  building  insulation. 

In  neither  case  is  it  possible  to  set  down  many  rules  that  are 
generally  followed.  Ideas  as  to  details  on  the  .subject  are 
about  as  numerous  as  the  individuals  concerned. 

A  list  of  the  materials  used  includes  brick,  wood,  asphalt, 
concrete,  pitch,  mineral  wool,  felt  paper,  cork,  charcoal,  and 
by  no  means  the  least  important,  air. 

Loose  packing  should  be  avoided,  as  being  liable  to  settle 
and  leave  clear  space. 

PIPE  INSULATION. 

For  exposed  piping  there  are  numerous  kinds  of  insulation 
on  the  market.  Wool,  felt,  and  cork  are  the  principal  non- 
conductors used.  The  insulation  is  produced  in  suitable 
lengths,  either  split  lengthwise  to  admit  the  pipe  or  made  up 
in  half  sections.     Canvas  may  be  used  outside. 
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For  underground  pipe  good  success  has  been  obtained  by 
laying  the  pipes  in  boxes  made  of  creosoted  plank,  and  filling 
the  space  between  the  pipes  and  box  with  a  mixture  of  pitch 
and  cork. 

Experience  seems  to  demonstrate  that  this  system  of  pipe 
insulation  is  capable  of  producing  highly  satisfactory  results. 
Rooms  at  hundreds  of  feet  distance  are  maintained  at  below- 
zero  temperature.  The  change  in  temperature  of  brine  in 
being  transmitted  this  distance  is  scarcely  appreciable. 

In  one  case  brine  is  conducted  by  an  eight-inch  pipe  a  dis- 
tance of  1500  feet  to  a  distributing  point,  the  rise  in  temper- 
ature being  but  two  degrees  above  the  temperature  of  the 
pump.  For  a  considerable  portion  of  the  distance,  the  brine 
pipe  passes  through  a  tunnel  parallel  to  a  steam  pipe  about 
five  feet  distant.  Although  the  brine  is  about  zero  in  temper- 
ature and  the  steam  344  degrees  F.,  the  temperature  of  the 
brine  is  practically  not  afiected  by  the  heat  of  the  steam. 

BUILDING   INSULATION. 

The  value  of  air  spacing  is  generally  admitted  for  the  in- 
sulation of  buildings  or  rooms.  Some  advocate  the  use  of 
mineral  wool,  while  others  use  none,  practically  confining 
themselves  to  air  spacing  properly  constructed. 

Air  is  a  good  insulator  if  so  confined  as  to  avoid  the  forma- 
tion of  appreciable  convection  currents.  Surfaces  should  ac- 
cordingly be  made  air-tight.  To  accomplish  this,  pitch  is 
used .  with  masonry  and  paper  with  wood.  Good  sheathing, 
double,  with  paper  between,  may  be  considered  as  a  requisite 
in  some  part  of  the  structure. 

As  a  matter  of  fact  it  is  considered  practically  impossible  to 
construct  air  spaces  with  the  desired  tightness  of  joints  to  en- 
sure proper  confining  of  the  air  within  the  spaces  and  avoid 
circulation  of  the  air  so  as  to  destroy  the  effectiveness  of  the 
insulation.  Accordingly,  the  present  practice  seems  to  run 
towards  avoidance  of  open  air  spaces  and  using  some  filling 
material  for  otherwise  open  spaces. 

Substances  employed  should,  of  course,  emit  no  unpleasant 
odor,  and  should  not  tend  to  absorb  moisture. 
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For  freezing-chambers  the  insulation  should  be  improved 
in  comparison  with  the  insulation  for  a  refrigerating  chamber, 
in  accordance  with  the  difference  in  temperature,  as  the  flow 
of  heat  depends  upon  this  difference. 

More  extended  reference  to  this  feature  will  be  found  in  the 
section  on  Structural  Insulation. 

LOSSES   OF   REFRIQBRATION. 

The  losses  of  refrigerating  effect  may' be  studied  from  the 
consideration  of  the  losses  of  heat  in  the  case  of  warm  bodies. 

Losses  of  heat  occur  through  three  methods  of  heat-transfer, 
by  radiation,  by  conduction,  and  by  convection.  The  losses 
of  heat  through  all  three. of  these  processes  is  more  or  less  in- 
volved in  the  method  of  insulation  employed. 

In  the  case  of  a  cold  body,  as  of  a  cold-storage  chamber 
which  receives  heat  from  outside,  the  methods  for  the  entrance 
of  heat  are  by  absorption,  conduction  and  convection. 

The  term  radiation  is  applied  to  the  process  of  emission  of 
heat  from  the  surface  of  a  warm  body  to  a  colder  body  through 
intervening  space,  the  term  absorption  applying  to  the  recep- 
tion of  heat  by  the  colder  body. 

RADIATION. 

The  loss  of  heat  by  radiation  depends  upon  the  radiating 
power  of  the  substance,  and  the  difference  in  temperature  be- 
tween the  surface  radiating  and  the  surface  receiving  the  heat. 
Consequently  the  amount  of  heat  radiated  from  the  outside 
wall  of  a  chamber  would  depend  upon  the  difference  between 
the  temperature  of  the  wall  and  the  surrounding  bodies.  Good 
insulation  may  reduce  the  losses  due  to  this  process  by  serving 
to  maintain  a  greater  difference  in  temperature  between  the 
inner  and  the  outer  or  exposed  surface  of  the  wall,  and  conse- 
quently a  smaller  difference  between  the  temperature  of  the 
outer  surface  of  the  wall  and  the  surrounding  space. 

There  is  little  choice  in  regard  to  radiating  power  of  mate- 
rial for  the  materials  available  for  constructing  refrigerating 
structures.  The  values  for  the  radiating  power  for  such  ma- 
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terials  are  about  alike,  being  equivalent  to  a  loss  or  gain  of 
about  .75  heat  units  per  square  foot  of  surface  per  hour  for 
one  degree  difiference  in  temperature. 

CONDUCTION   OP   HEAT. 

The  rate  of  conduction  of  heat  through  a  wall  depends  upon 
the  conducting  power  of  the  material,  upon  the  difference  in 
temperature  between  the  two  exposed  surfaces,  upon  the  thick- 
ness of  the  wall,  and  upon  the  area  of  the  surface. 

The  relation  of  these  features  is  shown  by  the  formula 

„      CXAX(T  — TO 
H=: ^ 

in  which 

H  =  Heat  conducted  in  heat  units. 
A  =  Area  of  surface  in  square  feet. 
T  =  Temperature  of  surface  on  one  side. 
Ti  =  Temperature  of  surface  on  other  side, 
d  =  Thickness  of  wall. 

C  =  Constant   representing  the  conducting  power  of  the 
material  of  wall. 

The  values  for  the  constant  "  C  "  for  various  substances  are 
given  in  the  table  shown  herewith,  these  values  representing 
the  heat  units  per  hour  conducted  through  one  square  foot  of 
surface  one  inch  in  thickness  per  degree  difference  in  temper- 
ature. 

OOMPARAnVE  VALUE  OF  INSULATING  MATERIALS. 

Kind  of  Conducting         Kind  of  Conducting 

Material  Power  C.  Material  Power  C. 

Copper 615.  Brick  dust 1.83 

Iron 233,  Coke  dust 1.29 

Zinc  225.  Cork '.   .  1.15 

Marble 28.  Chalk  powder 0.87 

Stone 17.  Charcoal  powder    ....  0.64 

Glass 7.  Straw  chopped 0.56 

Brick  work   .....     5.  Coal  dust 0.54 

Plaster 4.  Hemp  canvas 0.41 

Double  windows     ...      3.6  Muslin 0.40 

Oak  wood 1.7  Writing  paper 0.84 

Walnut  wood 0.8  Cotton 0.82 

Pine  wood 0.75  Air  confined 0.3 

Saw  dust 0.55  Gray  blotting  paper  .  .  .  0.27 

India  rubber 1.37 
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The  name  Peclet  is  intimately  associated  with  the  subject 
of  the  laws  and  data  in  regard  to  the  transfer  of  heat. 

CONVECTION. 

The  loss  of  heat  by  convection  currents  of  the  air  depends 
upon  the  difference  in  temperature  of  the  surface  and  the  air 
in  contact  with  the  same  and  upon  the  nature  of  the  surface. 
By  nature  of  the  surface  is  meant  the  form  or  contour  of  the 
surface.  The  nature  of  the  material  forming  the  surface  has 
no  bearing  on  the  result.  •  The  loss  by  convection  is  greatest 
with  a  flat  vertical  surface.  For  such  a  surface  the  loss  per 
unit  of  area  diminishes  somewhat  With  an  increase  of  height. 
The  formula  for  such  a  surface  as  given  by  Box  is  as  follows : 

.233 
1  -  .361  +  -^5 

in  which 

1  =  loss  in  B.  T.  U.  per  hour  per  square  foot  per  degree 

difference  in  temperature, 
h  =  height  in  feet 
Values  obtained  from  this  formula  for  different  heights  of 
surface  are  given  in  tabular  form  below. 


HEAT   LOSS 

BY 

CONVECTION. 

Height  in  feet. 
h. 

Loss  In  B.  T.  U. 
1. 

10 

.4347 

25 

.4076 

64 

.3901 

100 

.3843 

In  confined  air  spaces  the  facility  for  formation  of  convec- 
tion currents  and  the  heat  losses  attendant  upon  the  same  in- 
<;rease  with  an  increase  of  the  width  of  the  space  so  that  there 
is  practically  no  net  gain  in  insulation  value  by  increasing 
the  width  of  such  surfaces,  the  gain  through  an  increase  in 
thickness  of  the  wall  of  air  being  off-set  by  the  increased  losses 
through  convection  currents. 

Accordingly,  if  air  spaces  are  provided,  only  thin  strata  of 
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air  should  be  used.  The  office  of  packing  material  is  to  break 
up  the  air  spacing  into  small  cells,  the  air  itself  being  the  most 
efifective  feature  of  the  combination. 

PRACTICAL  CONSIDERATIONS. 

From  a  practical  standpoint  the  wall  of  a  refrigerated 
chamber  is  a  composite  structure  with  an  insulating  value  that 
can  be  expressed  in  figures  representing  the  loss  in  heat  in  B. 
T.  U.  per  square  foot  of  surface  per  degree  difference  in  tem- 
perature for  the  air  space  on  each  side. 

Values  as  low  as  .75  B.  T.  U.  per  square  foot  per  degree 
can  be  obtained.  For  freezing-chambers  the  value  should  be 
at  least  below  1.00.  The  construction  actually  followed  in 
many  cases,  however,  would  not  give  results  as  good  as  this. 

Where  comparatively  high  temperatures  are  maintained  a 
construction  giving  double  the  values  would  be  admissible. 

In  calculating  the  losses,  the  effect  of  windows  and  doors- 
must  be  taken  into  consideration.  As  this  feature  is  somewhat 
uncertain,  an  approximate  value  that  may  be  used  to  include 
all  features  would  be  from  4.00  to  5.00  B.  T.  U.  per  square 
foot  per  degree  difference  in  temperature.  From  this  value 
and  the  area  of  the  enclosing  walls  of  the  refrigerated  space 
the  amount  of  refrigeration  to  be  supplied  to  make  up  for 
losses  through  the  walls  can  be  obtained. 

As  these  losses  represent  more  than  one-half  the  work  of  the 
plant,  a  safe  value  for  the  entire  refrigerating  duty  of  the 
plant  can  be  obtained  by  doubling  the  value  for  the  losses  ob* 
tained  as  above. 


CHAPTER  XL 

REFRIGERATION   REQUIREMENTS   FOR   AIR   COOLINO. 

Outside  of  the  special  industry  of  ice-making  nearly  all 
results  of  refrigeration  are  brought  about  by  means  of  air 
<;ooling. 

This  statement  applies  in  the  cold  storage  ware-house  to  the 
cooling  or  freezing  eflFected  in  a  tightly-closed  room,  or  a  room 
or  series  of  rooms  or  chambers  provided  with  air  circulation, 
whether  moderate  for  the  purpose  of  freshening  the  air  or  at 
-a  rapid  pace  for  the  purpose  of  facilitating  refrigeration,  as  in 
the  indirect  air  system.  In  these  cases  the  cooled  air  serves 
as  a  means  to  an  end. 

In  the  case  of  air  cooling  for  auditoriums  or  public  build- 
ings, or  for  mines  or  for  special  industries,  such  as  chocolate 
factories,  the  cooled  air  is  the  primary  product  desired. 

Then  there  are  the  cases  where  the  object  of  the  refrigera- 
ting process  is  the  drying  of  the  air  by  freezing  out  the  moist- 
ure, as  is  done  with  air  supplied  to  blast  furnaces. 

This  last  idea  suggests  the  fact  that  in  any  case  we  do  not 
have  simple  plain  air  to  deal  with,  but  rather  a  mixture  of  air 
^nd  moisture.  Incidentally,  where  there  are  persons  working 
and  lamps  burning,  each  of  these  adds  to  the  features  of  heat 
and  moisture  to  be  removed. 

COOLING  DRY  AIR. 

In  this  item  we  are  to  consider  only  the  feature  of  cooling 
pure  air.  In  this  case  the  heat  removed  would  depend  upon 
the  range  of  temperature  and  the  specijSc  heat  for  constant 
pressure  for  air.  As  air  is  commonly  measured  by  volume  it 
is  convenient  to  have  the  value  for  specific  heat  expressed  as 
applied  to  unit  of  volume  instead  of  weight.  Since,  however, 
the  density  varies  with  the  temperature  it  is  not  possible  to 
obtain  a  value  that  will  apply  other  than  approximately  to 
more  than  one  condition  of  temperature.  A  few  of  these 
values  are  given  herewith  : 
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SPECIFIC  HEAT  OF  DRY  AIR  AT  NORMAL  PRESSURE. 


TEMPBRATUBE. 

WEIGHT  OF  1  CU.  FT. 

SPEariC  HEAT  AT  CONSTANT 
PBES8URE. 

F. 

GBAINS. 

LB*. 

PER  LB. 

FEB  CU.  FT. 

0** 

604.8 

.0864 

0.287 

0.0205 

32<» 

566.1 

.0807 

0.287 

0.0191 

62** 

532.7 

.0761 

0.287 

0.0180 

In  assuming  temperatures  for  the  purpose  of  working  out 
an  example  we  will  cover  a  case  involving  freezing  of  the- 
moisture,  such  as  might  apply  to  drying  the  air  for  blast  fur- 
naces, the  maximum  or  temperature  of  inlet  of  air  to  be 
80^  F.  and  the  minimum  or  outlet  temperature  of  the  air  to 
be  20O  F. 

On  the  basis  of  .019  B.  T.  U.  per  cubic  foot  per  degree,  the 
heat  required  to  be  removed  from  1000  cubic  feet  6f  air  would 
be  1000  X  .019  X  (80  —  20)  =  1150  B.  T.  U. 

Cooling  aqueous  vapor: — The  rating  for  humidity  and 
amount  of  moisture  for  unit  of  volume  are  obtained  from  read- 
ings of  the  hygrometer,  employing  a  wet  bulb  and  a  dry 
bulb  thermometer,  and  tables,  such  as  are  issued  by  the 
Weather  Bureau. 

We  give  values  applying  to  the  temperatures  we  have  se- 
lected. 

weight  of  a  cubic  foot  of  aqueous  vapor  at  different  tem- 
peratures AND  percentages  OF  SATURATION. 


FBB0ENTA6B  OF  SATUBATION. 

TEMPKBATUBB 

eO  PBB  CBHT. 

F. 

70  FEB  CENT.        1         80  PEB  CENT. 

i 

100  PBB  CENT. 

grains. 

1 
grains.                grains. 

grains. 

OO 

0.289 

0.337                     0.385 

0.481 

lOO 

0.466 

0.543                    0.621 

0.776 

20O 

0.741 

0.864          1           0.988 

1235 

320 

1.268 

1.479          '           1.690 

2.113 

620 

3.686 

4.299                     4.914 

6.142 

80O 

6.660 

7.654                     8.747 

10.934 
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In  case  we  assume  70  per  cent  for  condition  of  saturation  at 
the  higher  temperature  of  80^  F.  the  moisture  content  would 
accordingly  be  7.654  grains  per  cubic  foot.  At  the  lower 
temperature  for  saturation  there  would  be  remaining  0.776 
grains.  Consequently  there  would  be  eliminated  per  cubic 
foot  7.654  —  0.776  =  6.878  grains  or  1000x6.878  =  6878 
grains  or  0.982  lbs.  per  JOOO  cubic  feet  of  air. 

The  heat  values  representing  the  elimination  of  this  moisture 
may  be  obtained  as  follows : 

Removal  of  latent  heat  of  liquefaction 

0.982  X  1000  =   982.0  B.  T.  U. 
Cooling  from  80^  to  82^  F. 

0.982  X  1  X  (80  -  32)  =     47.1  B.  T.  U. 
Freezing 

0.982  X  142  =   139.4  B.  T.  U. 
Cooling  ice  from  32°  to  20°  F. 

0.982  X  0.5  X  (32  -  20)  =       5.9  B.  T.  U. 

U. 


1174.4  B.  1 

This  value  is  based  on  the  following : 

Latent  heat  of  liquefaction    .     . 

1000  B.  T.  U. 

Latent  heat  of  fusion   .... 

142  B.  T.  U. 

Specific  heat  of  water  .... 

1.00  B.  T.  U, 

Specific  heat  of  ice 

0.50  B.  T.  U. 

TOTAL  FOR  AIR  AND  VAPOR. 

The  total  heat  removed  for  cooling  air  and  vapor  for  1000 
cubic  feet  of  atmospheric  air  for  the  conditions  mentioned 
would  be  obtained  by  adding  the  two  values  just  obtained. 
From  the  value  thus  obtained  and  the  value  for  the  total 
amount  of  air  involved  it  will  be  possible  to  obtain  the  value 
for  the  total  quantity  of  heat  to  be  removed. 

In  the  case  of  a  storage  warehouse  the  total  amount  to  be 
handled  would  of  course  depend  upon  the  number  of  times 
the  air  was  renewed  in  a  given  time,  which  ought  in  most 
cases  to  be  as  often  as  half  a  dozen  times  a  day. 

With  the  indirect  air  system  the  same  air  would  be  kept  in 
circulation  to  a  large  extent.     The  heat  to  be  supplied  would 
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be  that  due  to  the  differences  in  condition  of  the  air  sent  out 
and  returned  from  the  cooling  and  drying  apparatus,  and 
making  up  for  leakage. 

In  the  case  of  a  blast  furnace  the  amount  would  be  deter- 
mined by  the  amount  of  oxygen  required  for  combustion. 

Auditorium-cooling  would  be  to  a  considerable  extent  on 
the  closed  system.  To  avoid  excess  of  humidity  for  comfort 
some  of  the  returning  warm  air  is  by-passed  and  mixed  with 
the  cooled  air. 

For  chocolate  manufacture  the  conditions  would  correspond 
to  a  considerable  extent  to  those  for  auditorium-cooling,  with 
additional  duty  for  cooling  the  product  in  process. 

In  any  of  these  cases,  with  the  limits  of  temperature  and 
data  as  to  humidity  determined,  the  requirements  from  a  re- 
frigeration standpoint  would  be  determined  along  the  lines  in- 
dicated above. 

EFFECT  OF  LIGHTING  AND  INDIVIDUALS. 

Features  that  have  an  important  bearing  on  the  heating 
and  humidity  of  the  air  and  in  consequence  upon  the  amount 
of  refrigeration  required  for  air-cooling  are  the  effects  pro- 
duced by  artificial  illumination  and  the  presence  of  human 
beings. 

So  far  as  lighting  is  concerned,  the  incandescent  electric 
light  is  to  be  preferred  from  all  standpoints.  Among  the 
reasons  are  small  heat  requirement  per  candle-power,  im- 
munity from  detrimental  effect  on  the  atmosphere,  both  as 
regards  humidity  and  vitiation,  and  in  special  cases,  such 
as  storage  chambers,  the  facility  with  which  it  can  be  turned 
on  and  off  from  the  outside,  or  at  any  convenient  point. 

The  presence  of  a  human  being  affects  the  temperature  of 
the  atmosphere  by  the  heat  given  out ;  the  humidity  by 
moisture  evaporated  from  the  body  and  exhaled  from  the 
lungs  ;  ajid  the  purity  by  the  consumption  of  oxygen. 

The  effects  of  these  various  features  can  be  approximated  by 
the  methods  that  have  already  been  elaborated,  with  the  help 
of  data  such  as  given  below. 
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HEAT  AND  MOISTURE  EFFECTS  OF  ILLUMINANTS. 

The  practical  choice  of  illuminants  in  most  cases  narrows 
down  to  either  gas  or  the  incandescent  electric  lamp.  Ap- 
proximate values  for  heat  effects  of  these  are  given  below, 
together  with  the  value  for  the  wax  candle  for  comparison. 

HEAT  EMISSION  OF  ILLUMINANTS. 
Nature  of  Illuminant.  Heat  Emitted  Per  Hour 

Oas  light,  ordinary  4000  B.  T.  U. 

Wax  candle  300  B.  T.  U. 

Incandescent  electric  lamp,  16  candle-power  200  B.  T.  U. 

Different  authorities  give  values  quite  divergent  for  different 
illuminants.  Those  given  above  it  is  believed  represent  aver- 
age normal  conditions. 

Values  for  ordinary  gas-jets  are  given  ranging  from  10  to 
17  candle-power,  with  gas  consumption  from  4  to  5.5  cubic 
feet  per  hour  and  heat  values  from  3600  to  4800  B.  T.  U. 
The  latter  value  would  seem  rather  high,  as  this  would  give  a 
calorific  value  of  over  800  B.  T  U.  per  cubic  foot,  whereas  the 
value  generally  ranges  from  650  to  700  B.  T.  U. 

The  table  given  below  is  based  on  an  extensive  table  on 
illuminants  of  combustion,  given  by  Dr.  Louis  Bell  in  "  The 
Art  of  Illumination." 


EFFECTS  UPON  THE  AIR  OF  THE  SPACE  IN  WHICH  THEY  ARE  BURNED 

OF  THE  COMMON  ILLUMINANTS  OF  COMBUSTION. 
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TbHow  candles. 

2200 

16 

10.7 

7.3 

1400 

6600 

12.0 

Bperni  candles. 

1740 

16 

9.6 

66 

6.6 

1137 

4548 

11.0 

ParafLn  oil. 

992 

16 

62 

4.6 

36 

1030 

4120 

7.5 

Ken)8ene  oil. 

909 

16 

6.9 

4.1 

3.3 

1030 

4120 

7.0 

Coal  gas,  bat  wing. 

6.5 

16 

6.6 

2.8 

73 

1194 

4176 

6.0 

Coal  gas,  argand. 

48 

16 

6.8 

2.6 

6.4 

1240 

4960 

4.3 

Coal  gas,  regenerative. 

3.2    32 

3.6 

1.7 

4.2 

760 

3040 

2,8 

Coal  gas,  Welsbaeh. 

3.6    60 

4.1 

1.8 

4.7 

763     3(»60 
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3.0 
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Values  for  acetylene  would  approximate  those  for  the  Wels- 
bach  burner. 

While  the  table  given  may  not  be  strictly  accurate,  it  i» 
probably  a  fair  representation  of  the  relative  conditions. 

In  general  the  vitiation  of  a  tallow  candle  is  considered  ta 
be  equivalent  to  that  of  an  adult  human  being. 

For  electric  units,  in  addition  to  the  incandescent  lamp 
there  are  the  Nernst  lamp  and  the  arc  lamp.  The  conditions 
for  any  of  these  may  be  very  much  varied,  so  that  it  is  not 
possible  to  give  definite  data  applying  to  the  same. 

In  the  case  of  Nernst  lamps,  these  are  made  up  with 
glowers  of  different  dimensions  and  with  different  numbers  in 
a  group.  With  arc  lamps  there  are  the  direct  current  and 
alternating  current,  multiple  and  series,  enclosed  and  open, 
all  for  various  strengths  of  current. 

An  ofF-hand  value  for  an  arc  lamp  is  500  watts,  which  is- 
equal  to  about  i  horse-power  or  1700  B.  T.  U.  per  hour. 

An  approximate  table  for  electric  illuminants  is  given  here- 
with : 


POWER  CONSUMPTION  OF  ELECTRIC  LAMPS. 


KIND  OF  LAMP. 

BATWO. 

WATTB. 

B.T.  U. 

Ineandescent,  16  c.  p 

Nernst,  6  glower,  400  c.  p 

Enclosed  arc,  alternating  cuiTent . 
Enclosed  arc,  direct  current   .  .  . 

16  c.  p. 
400  c.  p. 

6  amp. 
6  2  amp. 

60 
520 
480 
744 

170 
1770 
1460 
2520 

Data  in  regard  to  high-class  arc  lighting  with  enclosed  arc 
lamps  equipped  with  proper  deflectors  and  distributing  devices 
are  given  in  the  table  below.  While  with  incandescent  lamps 
the  character  and  especially  the  color  eflFect  would  be  quite 
different,  the  actual  power  requirements  for  obtaining  satis^ 
factory  results  would  be  practically  equivalent  to  those  given 
in  this  table  for  enclosed  arc  lamps,  based  on  50-watt  16- 
candle-power  lamps. 
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POWER  CONSUHFTIOK  FOR  HIGH- CLASS  ABC  LIGHTING. 


KIND  OF  SEBVICB. 

CONSUHPTION  PER  SQUARE  FOOT. 

WATT8. 

B.  T.  U.  PER  HOUR. 

Machine  shoD 

.76  to  1.00 

.75 
1  to  1.26 
1  to  1.8 

1.6 

1.76 

2.648  —  3.4 

Ordinary  store  lighting 

Department  stores     

Mill  liirhtinir 

2.548 

3.4  —  4.26 
3.4  —  4.42 

General  office 

6.1 

Drafting  Room 

6.96 

EFFECT   OF    ADULT   ON    ATMOSPHERE. 

The  effect  of  the  presence  of  a  human  being  varies  consider- 
ably for  the  same  individual  according  to  circumstances,  as  to 
whether  at  rest  or  in  motion  or  working.  For  instance, 
the  proportion  of  carbon  dioxide  exhaled  during  respiration 
may  vary  from  5  per  cent,  during  sleep  to  45  per  cent, 
while  at  hard  labor. 

The  quantity  of  heat  allowed  for  an  adult  in  auditorium  is 
100  calories  or  about  400  B.  T.  U.  per  hour.  For  persons  at 
work  the  amount  would  be  greater.  A  man  employed  at  or- 
dinary work  for  eight  hours  may  work  at  a  rate  of  about  J 
horse-power  or  318  B.  T.  U.  per  hour.  Evidently  the  rate  for 
a  man  at  work  would  be  nearly  double  that  while  at  rest. 

As  to  moisture  effect,  a  man  exhales  normally  about  200 
grains  of  water  per  hour  and  gives  off  by  evaporation  many 
times  this  amount. 

As  regards  vitiation,  the  following  table  gives  some  data : 
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EFFECT   OF   RESPIRATION   OF 

ADULT 

ON    ATMOSPHERE. 
Per  Hour. 

Quantity  respired, 

15  cu.  ft. 

vitiated, 

73      " 

"        required,  at  j-^ 

CO, 

930      " 

Space  required,  ventilated, 

800      *' 

Carbon  dioxide  produced, 

500  graina 

Oxygen  consumed. 

415      '' 

Carbon  consumed, 

137      " 

Water  exhaled. 

200      " 

Approximate  values  that  will  answer  in  most  cases  for  the 
effect  of  a  human  being  on  the  atmosphere  are  given  in  the 
table  below : 

ALLOWANCES  FOR  EFFECT  OF  AN  ADULT  ON  THE  ATMOSPHERE. 
Effect.  Allowance  per  hour. 

Thermal— heat  units  emitted  at  rest  .  400  B.  T.  U. 
Thermal— heat  units  emitted  at  work  800  B.  T.  U. 
Humidity — moisture  emitted  .25  lbs. 

Vitiation — fresh  air  to  be  supplied  5000  cu.  ft. 

The  data  given  will  probably  be  of  some  assistance  in  the 
working  out  of  the  varied  problems  that  may  be  involved  in 
the  subject  of  air-cooling,  which  is  intimately  involved  in 
many  industries,  including  ordinary  refrigeration  in  ware- 
houses, and  cooling  air  for  mines,  auditoriums  and  special  in- 
dustries. Among  the  latter  may  be  mentioned  chocolate  fac- 
tories, which  previous  to  the  introduction  of  refrigerating 
apparatus  were  obliged  to  suspend  operations  during  the  sum- 
mer season. 


CHAPTER  XII. 

COOLING   OP   GOODS    IN   STORAGE. 

The  amount  of  refrigeration  required  for  the  goods  in  stor- 
age is  practically  limited  to  the  amount  of  heat  involved  in 
reducing  the  temperature  of  the  goods  from  the  temperature 
at  which  they  are  received  to  that  of  the  storage  space.  After 
they  have  been  once  brought  to  this  temperature,  the  refrig- 
eration requirements  are  represented  by  the  leakage  through 
the  walls  of  the  chamber,  and  are  consequently  independent 
of  the  nature  or  quantity  of  goods  in  storage. 

Consequently  the  relrigeration  requirements  for  a  given 
space  would  depend  upon  the  rate  of  change  in  the  interior 
contents.  As  the  removal  of  heat  is  more  or  less  gradual,  ex- 
tending over  hours  or  even  days  in  some  cases,  the  refrigerat- 
ing demands  may  assume  a  practically  uniform  rate,  even 
with  frequent  and  quite  intermittent  change  of  the  goods  in 
storage. 

The  actual  amount  of  refrigeration  required  for  products 
maintained  above  freezing  is  oj)tained_from  the  weighty  the 
range  in  temperature  and  the  specific  heat.  For  goods  that 
are  frozen  it  will  be  necessary  to  have  data  on  weight,  range 
in  temperature  above  and  below  freezing,  specific  heat  above 
and  below  freezing  and  latent  heat  for  freezing. 

Take  the  cases  of  curing  of  beef  and  freezing  of  chicken,  the 
beef  being  brought  to  34^  F.  and  the  chicken  to  20^  F.  For 
beef  the  initial  temperature  would  be  about  98°  ^F.  on  account 
of  the  animal  heat. 

The  specific  heat  for  beef  is  .0.77.  For  10  tons  of  beef  the 
refrigeration  required  would  be : 

10  X  2000  X  0.77  X  (98  -  34)  =  989,600  B.  T.  U. 

As  this  refrigeration  would  be  extended  over  30  or  40  hours 
this  value  would  represent  about  30,000  B.  T.  U.  per  hour. 

For  the  frozen  chicken  the  values  for  specific  heat  are  re- 
spectively 0.80  and  0.42  for  above  and  below  freezing  and  the 
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value  for  latent  heat  of  freezing  is  105  B.  T.  U.     In  this  case 
we  will  assume  an  initial  temperature  of  8(P  F. 

For  1  ton  under  the  conditions  given  the  heat  to  be  ex- 
tracted down  to  the  freezing  point  is 

2000  X  .80  X  (80  —  32)  =  76,800  B.  T.  U. 
The  latent  heat  involved  is  equal  to 

2000  X  105  =  210,000  B.  T.  U. 
Below  the  freezing  point  the  heat  to  be  removed  is 

2000  X  .42  X  (32  —  20)  =  10,080  B.  T.  U. 
The  total  heat  to  be  extracted  is  accordingly  the  sum  of 
these  values 

76,800  +  210,000  +  10,080  =  296,880  B.  T.  U. 
In  another  section  will  be  found  a  compilation  of  tempera- 
tures for  cold  storage  which  will  be  found  useful  in  this  connec- 
tion. 

A  table  of  data  on  specific  and  latent  heat  of  food  products 
that  will  serve  as  a  basis  for  estimates  on  refrigeration  require- 
ments for  goods  is  given  herewith. 

SPECIFIC   AND    LATENT   HEAT   OF   VARIOUS   FOOD    PRODUCTS. 


8UBSTANCB. 


COMPOSITION. 


sip 


Lean  Beef.. 

72.00 

28.00 

Fat  Beef... 

61.00 

49.00 

Veal 

63  00 

37.00 

Fat  Pork  .. 

39  00 

61.00 

Eggs  

70.00 

30.00 

Potatoes  . . . 

74.00 

26.00 

Cabbage . . . 

91.00 

9.00 

Carrots  .... 

83.00 

17.00 

Cream   .... 

69,2.5 

30  76 

MUk  

87.60 

12.50 

Oysters  .... 
Whitefish. . 

80.38 

19.62 

78.00 

22.00 

Eels    

62.07 

37.93 

Lobster .... 

76.62 

23.88 

Pigeon  — 

72.40 

27.60 

Chicken . . . 

73.70 

26.30 

0.77 
.60 
.70 
.61 
.76 
.80 
.93 
.87 
.68 
.90 
.84 
.82 
.69 
.81 
.78 
.80 
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100 
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124 

.44 

114 
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111 
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In  a  general  way  the  values  given  in  the  table  below  for  the 
effective  value  of  one  ton  of  refrigeration  will  serve  as  a  rough 
approximation. 

EFFECTIVE  VALUE  OF  ONE  TON  OF  REFRIGERATION. 

The  following  table  gives  approximately  the  space  that  can 
be  cooled  or  the  work  that  can  be  done  per  ton  of  refrigerat- 
ing capacity  per  twenty-four  hours  continuous  operation  for 
plants  of  50  tons  capacity,  with  properly  insulated  spaces : 

PACKING  HOUSES. 

10  beeves,  approximate  weight  7000  lbs.,  and  needed  space  to  hang  same. 
25  hogs,  approximate  weight  6000  lbs.,  and  needed  space  to  hang  same. 
60  calves,  approximate  weight  5200  Ibfiu,  and  needed  space  to  hang  same. 
75  sheep,  approximate  weight  5800  lbs.,  and  needed  space  to.  hang  same. 
12,000  cubic  feet  curing  space,  temperature 40^  F. 

3,000  cubic  feet  freezer  space,  temperature 2(j<=>  F. 

1,500  cubic  feet  freezer  space,  temperature 0^  F. 

COLD  STORAGE. 

10,000  cubic  feet  of  space  (general  storage),  temperature 40°  F. 

6,000  cubic  feet  of  space  {egg  storage),  temperature 32o  F. 

3,000  cubic  feet  of  space  (butter  storage),  temperature 20^  F. 

2,000cubicfeet  of  space  (game  storage),  temperature lO^F. 

],500cubicfeetof  space  (game  storage),  temperature 0^  F. 

BREWERIES. 

8,000  cubic  feet  space  (general  space),  temperature 30O-36^  F. 

40  barrels  of  beer  wort,  temperature  limits  from  ....  70°  to  40°  F. 

FOR    SMALL    PLANTS,  HOTELS,   RESTAURANTS,    HOUSE    AND    MARKET 

BOXES. 

600  to  2^00  cvibjfi  feet  of  space,  temperature 35^  F. 

An' allowance  of  storage  floor  space  of  one  square  yard  will 
answer  in  general  for  each  head  of  beef  of  from  650  to  750 
pounds  weight ;  for  three  sheep  of  about  80  pounds  each  ;  or 
for  about  225  pounds  of  other  meats. 


CHAPTER  XIII. 


PIPING  FOR  REFRIGERATION. 


To  obtain  the  best  economy  and  efficiency,  there  must  be  a 
general  adaptation  of  all  the  parts  of  the  system. 

While,  therefore,  each  feature  of  the  system  has  a  prominent 
bearing  in  obtaining  the  results  desired,  a  proper  arrangement 
of  the  piping  of  the  refrigerator  is  of  the  utmost  importance. 

Results  are  not  altogether  to  be  governed  alone  by  mechan- 
ical efficiency,  that  is,  the  relation  between  the  refrigeration 
produced  and  the  power  applied.  Other  considerations  fre- 
quently arise  to  influence  the  methods  of  operation.  Were 
this  not  the  case,  the  direct  system  would  monopolize  the  field. 
Once  the  system  has  been  decided  upon,  there  arises  the  prob- 
lem of  the  arrangement  of  the  piping.  The  piping,  as  a  rule, 
must  be  adapted  especially  for  each  individual  case.  A  few 
general  principles,  however,  can  be  laid  out. 

In  the  first  place  there  should  be  a  multiple  system  of  pip- 
ing. That  is,  the  piping  should  be  subdivided  into  compara- 
tively short  lengths,  connected  to  headers  for  supply  and 
exhaust,  with  a  shut-oflf  at  each  end.  This  affords  some  flexi- 
bility to  the  system  in  the  way  of  regulation,  by  pennitting 
the  shutting  off  of  individual  sections  in  case  the  temperature 
tends  to  fall  too  low.  Likewise,  it  permits  of  disconnection 
of  individual  sections  for  purposes  of  cleaning,  without  inter- 
rupting the  refrigeration  of  the. chamber. 

As  regards  the  size  of  the  pipe  in  general,  the  most  econom- 
ical results  will  be  obtained  by  the  use  of  the  smallest  size  pipe 
practicable. 

A  free  circulation  of  the  air  is  indispensable  to  successful 
refrigeration.  This  may  readily  be  attained  by  properly  spac- 
ing the  pipes,  and  avoiding  any  obstruction  below  the  pipes 
that  would  tend  to  interfere  with  the  circulation. 
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In  case  there  is  danger  of  damage  to  goods  from  the  drip  or 
moisture  that  may  at  times  drop  from  the  pipes,  this  danger 
may  be  averted  by  arranging  the  coils  immediately  over 
passage-ways  or  along  the  walls. 

There  is  still,  however,  liability  of  trouble  from  so-called 
sweating  ceilings,  due  to  moisture  collecting  on  the  ceiling, 
and  consequent  liability  to  fall  on  the  goods.  When  necessary 
to  insure  immunity  from  this  evil,  a  protecting  ceiling  may  be 
employed,  connected  to  passage-ways  or  ducts  at  the  sides, 
quite  after  the  manner  of  many  of  the  ordinary  household 
refrigerators  on  the  market. 


Fig.  88. 


F.  W.  Wolf  Co. 


RADIATING   DISCS. 


A  method  of  increasing  the  radiating  surface  of  pipe  is  by 
attaching  discs  of  iron  along  its  length,  such  as  shown  in  Fig. 
38  and  Fig.  39.  Whether  this  is  good  practice  or  not,  there  is 
some  difference  of  opinion.  The  claim  is  made  that  better 
results  would  be  obtained  by  putting  in  the  additional  amount 
of  pipe  called  for  by  rejecting  the  discs.  On  the  score  of 
economy  of  installation,  it  may  be  said  that  the  additional  pipe 
called  for  would  be  less  expensive  than  the  discs.  Neverthe- 
8 
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less,  they  are  used  to  a  large  extent,  even  though  they  cannot 
be  considered  as  a  necessity  for  successful  refrigeration. 


BRINE  WALLS. 


The  brine  wall  is  an  example  of  a  special  method  of  appli- 
cation of  the  cooled  brine  for  freezing  and  chilling  of  meat. 
These  are  made  hollow,  of  steel  plates,  and  placed  parallel  at 


Fig.  39. 


DISC  FOR  EXPANSION  COILS.     (De  La  Vergne  Machine  Co.) 

short  intervals  from  one  another.  The  brine  is  circulated 
through  the  interior  space  of  the  plate.  The  meat  to  be  frozen 
or  chilled  is  hung  in  the  passage-ways  between  the  plates. 
The  walls  may  of  course  be  arranged  horizontally  instead  of 
vertically. 

riPE. 

As  to  whether  pipe  with  lap-welded  or  butt-welded  joints 
should  be  used,  or  whether  bends  sjiould  be  made  cold  or  hot, 
there  are  differences  of  opinion  as  well  as  practice.     Some 
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prefer  the  smaller,  pipe  oti  account  of  the  bettet  efficiency  obr 
tainable,  in  spite  of  the  butt-weld,  while  others  prefer  to  use 
two-inch  pipe  because  it  is  lap-welded. 

Extra-strong  pipe  is  generally  used,  especially  for  the  high- 
pressure  section  of  the  system. 

Galvanized  pipe,  though  costing  one-third  more  than  plain 
pipe,  generally  pays  for  the  extra  cost  in  the  end,  especially 
for  water  pipe. 

Straight  wrought-iron  pipe  if  obtainable  is  found  to  hold 
out  better  than  pipe  made  of  steel. 

FLANGED  JOINTS  AND  PIPE  CONNECTIONS. 

Flanged  couplings  or  unions  for  connecting  straight  lengths 
of  pipes  to  valves,  return  bends  and  fittings  in  general  are 

Fio.  40. 


FLANGE  COUPLING   OR    UNION. 

made  with  some  form  of  recessed  joint,  packed  with  a  rubber 
or  lead  gasket,  the  flanges  being  drawn  together  by  clamping 
bolts.  One  style  of  joint  is  shown  in  Fig.  40,  held  together 
by  four  bolts.  Similar  joints  are  used  for  the  fittings  shown 
in  Fig.  42,  and  Figs.  50,  51  and  52. 

THE  BOYLE  PATENT  UNION. 

The  Boyle  patent  union.   Fig.  41,   is  of  familiar  design. 
One  flange  is  screwed  on  the  end  of  each  pipe.     Each  has  a 
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recess  on  the  side, of  the  joint  immediately  ^xound  the  pipe  for 
a  ring  of  packing.  Bearing  against  these  rings  of  packing  is 
a  ring  of  metal  or  ferrule,  ensuring  with  proper  pressure  the 


Fig.  41. 


BOYLE  PATENT    UNION. 


tightness  of  the  joint.  This  pressure  is  applied  to  the  two 
bolts  holding  the  flanges  together.  Other  views  of  this  union 
are  shown  in  Figs.  47,  48  and  49. 


SCREWED    JOINTS. 


The  screwed  joint  between  the  flange  and  pipe  requires 
special  attention  to  ensure  tightness.  One  method  that  can 
hardly  fail  is  to  tap  the  flanges  smaller  than  the  pipe  to  which 
they  are  attached,  the  flange  being  expanded  by  heating  and 
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screwed  on  while  hot.  With  threads  thoroughly  tinned,  and 
the  recess  between  the  back  of  the  flange  and  pipe  flushed 
with  solder,  a  firm  and  reliable  joint  is  made  when  cooled. 

WELDED   JOINTS. 

Welded  pipe-joints  are  made  either  by  the  electric  welding 
process  or  by  the  use  of  thermit. 

Fig.  42. 


SECTIONAL  VIEW  OF  GLOBE  VALVE  SHOWING  SOFT-MEl'AL  SEAT. 

Electrically-welded  joints  are  used  by  some  manufacturers 
exclusively  for  making  up  pipe  coils. 

Thermit  welds  may  be  used  in  most  any  case,  the  limiting 
feature  being  that  of  cost.  This  class  of  joint  has  given  good 
results  in  piping  for  pipe-line  refrigeration.  Generally,  the 
thermit-welded  joint  will  be  the  more  economical  for  the 
smaller  sizes,  up  to  about  2'^  pipe.  For  the  larger  sizes,  joints 
with  fittings  will  be  the  more  economical. 


^: 
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COCKS  AND  VALVES^. 

Stop-cocks  generally  have  one  end  provided  with  a  cap  over 
Figs.  43  to  49  inclusive. 


AMMONIA  FLANGE  FITTINGS  ADAPTED  TO  '*  BOYLE  "  UNION. 

one  end  of  plug,  and  if  for  occasional  use  only,  one  over  each 
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end,  to  prevent  leakage.  The  cap  is  provided  with  a  recessed 
joint,  similar  to  that  used  with  return  bends  and  fittings. 
The  plugs  are  kept  on  their  seats  by  coil  springs  bearing 
against  the  cap  at  the  large  end  of  the  plug. 

These  features  are  used  in  the  expansion  cock  shown  in 
Figs.  50,  51  and  52.  This  expansion  cock  is  operated  by  a 
worm-wheel.  To  further  facilitate  a  delicate  adjustment,  the 
cross-section  of  the  opening  for  the  admission  is  made  taper- 
ing, opening  from  the  point  first. 


Fig.  50. 


Fig.  51. 


Fig.  52. 


EXPANSION  COCK. 

In  the  case  of  valves,  the  caps  and  removable  plates  or  discs 
may  have  the  recessed  joint,  as  shown  in  Fig.  42  and  Fig.  46, 
or  the  Boyle  flange  union  as  shown  in  Fig.  44.  In  either  case 
the  valve  stem  is  provided  with  a  stuffing-box,  which  requires 
careful  packing  and  adjustment. 

DOUBLE    PIPE   connections. 

There  is  no  questioning  the  fact  that  double-pipe  construc- 
tion involves  considerable  complication  in  structural  details. 
That  the  issue  has  been  successfully  met  is  evidenced  by  the 
success  and  growing  popularity  of  this  class  of  structure. and 
the  various  uses  to  which  the  same  is  applied.  These  uses 
now  include  steam  condensers,  ammonia  condensers,  liquid- 
ammonia   coolers,  brine  coolers   and   distilled-water   coolers. 

In  Fig.  53  is  shown  a  view,  part  in  section,  of  the  Feather- 
stone  double-pipe  connection.     The  construction  of  this  double- 
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pipe  return  bend  is  shown  clearly  in  the  illustration.  This 
style  of  return  bend  is  used  in  connection  with  double-pipe 
brine  coolers  and  double-pipe  ammonia  condensers.  On  the 
former  the  inner  pipe  is  used  for  the  circulation  of  the  brine, 
while  in  the  annular  space  between  the  pipes  the  ammonia  is 
expanded.  In  double-pipe  ammonia  condensers  the  ammonia 
is  circulated  through  the  annular  space  between  the  pipes, 
the  water  being  circulated  through  the  inner  pipe.  It  will  be 
seen  from  the  illustration  that  this  construction  permits  the 
ready  removal  of  any  pipe  without  dismantling  the  other 
parts.     The  end  connections  and  return  bends  are  made  of 


FEATHERSTONE  DOUBLE-PIPE  CONNECTION. 
RETURN   BEND. 


SECTIONAL  VIEW  OF 


semi-steel  and  provided  with  oval  flanges.  End  connections 
and  companion  flanges  therefore  are  made  to  receive  canvas- 
bound  gum  gaskets,  joints  being  made  by  compressing  the 
gaskets  around  the  pipe  and  lip  of  fitting  or  flange  by  tighten- 
ing of  bolts.  The  return  bend  which  connects  the  inner  pipes 
in  double-pipe  return  bends  is  also  made  with  companion 
flanges  provided  with  thin  rubber  gaskets. 


TESTING    PIPING. 


It  is  customary  to  test  all  the  parts  that  go  into  the  system 
as  well  as  the  whole  completed  system.    Some  use  hydrostatic 
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pressure  for  the  parts,  and  others  air  pressure  under  water. 
The  amount  of  pressure  used  ranges  froui  500  pounds  to  1000 
pounds.  For  testing  a  completed  system,  an  air  pressure  of 
300  pounds  is  commonly  used.  For  testing  a  joint,  a  conven- 
ient method  is  to  coat  it  with  soap  and  water. 

AMOUNT  OF   PIPING. 

There  is  no  question  as  to  the  importance  of  the  subject  of 
the  amount  of  piping  required  for  a  specific  amount  of  refrig- 
eration. This  is  not  determined  solely  from  the  refrigeration 
to  be  eflFected,  but  is  closely  involved  in  the  other  features  of 
the  system  as  well  as  in  the  condition  in  which  the  pipe  itself 
is  maintained.  A  coating  of  ice  or  snow  on  the  outside  of  a 
pipe  acts  to  a  certain  extent  as  an  insulator,  and  a  coating  of 
slime,  dirt,  salt,  or  scale  whether  on  the  inside  or  outside  is 
much  worse.  The  decrease  in  efficiency  of  heat- transmission 
in  boilers  due  to  the  accumulation  of  scale  has  been  determined 
to  be  approximately  as  follows : 

INCREASE    IN    FUEL    CONSUMPTION    OF    STEAM    BOILERS    DUE    TO 
ACCUMULATION   OF   SCALE. 


Thickness  of  Scale. 

e^4  inch. 

^2"  inch. 

iV  inch. 

t  inch. 

-1^  inch. 

i  inch. 

Increase  in  Fuel  Consumption. 
2  per  cent. 


4  per  cent. 

9-13  per  cent. 

18-22  per  cent. 

27  per  cent. 

38  per  cent. 

A  few  rough-and-ready  rules  can  be  given  that  will  serve 
for  a  crude  approximation.  The  data  given  herewith  will 
serve  very  well  for  such  a  purpose. 

A  basis  sometimes  used  is  to  allow  300  feet  of  1  J-inch  pipe 
for  one  ton  of  refrigeration  to  maintain  4500  cubic  feet  of 
storage  capacity  at  32°  F.  to  35°  F. 

In  one  case  of  a  small  combination  plant  on  shipboard  re- 
quired to  produce  one-half  ton  of  ice  per  24  hours  and  to 
maintain  a  storage  room  of  dimensions43'  X  16|'  x  7'  high 
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at  36°  F.  the  submerged  condenser  was  equipped  with  450 
feet  of  1-inch  extra-strong  pipe ;  the  brine  tank  with  900  feet 
of  similar  pipe ;  and  the  cold-storage  room  with  300  feet  of 
1-ineh  galvanized  iron  pipe. 

The  triple-pipe  brine  cooler  shown  in  'Fig.  7  gives  an 
effective  heat-transmission  of  80  B.  T.  U.  per  hour  per  square 
foot  per  degree  F.  difference  in  temperature. 

A  few  general  data  on  piping  allowances  are  given  here- 
with : 

PIPING    ALLOWANCES. 
AMMONIA   PIPING. 

Service.  Pipe  Surface. 

Freezing  tank,  per  ton  ice,  100  square  feet. 

Brine  tank,  per  ton  refrigeration,  50      **  .       ** 

Brine  cooler,  per  ton  refrigeration,  10      **         " 

Freezing  chamber,  per  1000  cubic  feet,  350      **         " 

Storage  room,  per  1000  cubic  feet.  35      "         '* 

BRINE  PIPING. 

Skating  rink,  per  1000  square  feet  of  ice  surface,  800  square  feet. 
Freezing  chamber,  per  1000  cubic  feet,  500      "         ** 

Storage  room,  per  1000  cubic  feet,  50      **         " 

Bunker  room,  per  1000  cubic  feet,  20      "         " 


CHAPTER  XIV. 

WATER   COOLING   TOWERS. 

The  operation  of  a  refrigerating  or  ice-making  plant  de- 
mands a  profuse  use  of  water  at  as  low  temperature  as  obtain- 
able for  cooling  and  condensing.  While  in  general  this  might 
imply  a  corresponding  use  of  water  in  large  quantities,  as  a 
matter  of  fact  this  is  not  always  the  case,  as  it  is  possible  to 
reduce  this  quantity  by  as  much  as  90  per  cent,  by  the  in- 
stallation of  what  is  known  as  a  water-cooling  tower  or  gradir- 
works. 

The  function  of  the  cooling  tower  is  to  cool  water  that  has 
been  used  for  condensing  and  cooling  purposes  so  that  it  can 
be  used  again.  This  cooling  is  effected  largely  by  means  of 
evaporation  of  a  portion  of  the  water  to  be  cooled.  Accord- 
ingly the  process  naturally  involves  some  loss  of  water.  The 
greater  the  amount  of  water  lost  by  evaporation  the  more  the 
remaining  unevaporated  water  will  be  reduced  in  temperature. 
This  loss  in  water  is  found  to  be  in  general  between  5  and  10 
per  cent. 

principle  of  operation. 

The  principle  involved  in  the  operation  of  a  cooling  tower 
is  to  'facilitate  the  exposure  of  a  large  surface  of  water  to  a 
large  quantity  of  air.  The  ordinary  methods  of  Heat-transfer, 
radiation,  conduction  and  convection,  all  have  a  favorable  in- 
fluence on  the  final  result  of  reducing  the  temperature  of  the 
water.  The  greater  amount  of  heat  carried  aw^ay,  however,  is 
by  means  of  water  vapor  formed  by  evaporation  of  part  of  the 
water  supplied.  Every  pound  of  water  evaporated  absorbs 
between  1000  and  1100  B.  T.  U. 

EVAPORATION. 

Evaporation  takes  place  only  from  the  surface  of  a  liquid. 
Air  in  contact  with  the  surface  of  water  may  continue  to 
remove  mpisture  until  it  is  laden  to  the  point  of  saturation. 
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This  point  of  saturation  is  a  characteristic  feature  of  water 
vapor,  and  depends  upon  the  temperature.  Evaporation 
would  accordingly  be  facilitated 

1.  By  exposing  a  large  surface  of  water  to  contact  with  the 
-air. 

2.  By  bringing  large  quantities  of  air  in  contact  with  the 
surface  of  the  water. 

3.  By  supplying  air  low  in  saturation. 

The  first  of  these  features  is  artificial.  The  second  is  natural 
in  case  natural  wind-currents  are  depended  upon  and  artificial 
where  mechanical  blowers  are  employed.  These  two  features 
may  be  brought  under  control  and  constitute  the  basis  of  the 
art  so  far  as  the  constructor  and  operator  are  concerned. 

The  third  feature  is  within  the  province  of  the  weather 
man,  and  must  be  taken  as  it  comes. 

The  large  surface  of  the  water  is  obtained  by  spreading  the 
water  out  as  much  as  possible  by  feeding  it  at  the  top  of  the 
tower  by  means  of  troughs  adapted  to  eflcct  an  efficient  distribu- 
tion and  by  retarding  its  progress  downward  as  it  falls  by 
gravity. 

The  feature  of  bringing  large  quantities  of  air  in  contact  with 
the  surface  of  the  water  is  effected  by  producing  a  circulation 
of  air  over  the  surface  of  the  water.  Natural  draft  and  wind- 
currents  with  the  help  of  suitable  blinds  and  shutters  may  be 
utilized,  but  the  most  reliable  and  positive  method  is  to  use 
large  blowers  or  ventilating  fans.  The  eflBciency  is  enhanced 
by  taking  advantage  of  the  counter-current  principle,  the  warm 
water  being  admitted  at  the  top  of  the  tower  and  the  air  sup- 
ply at  the  bottom. 

The  degree  of  saturation  of  the  atmosphere  has  an  impor- 
tant bearing  on  the  eflBciency  of  a  water-cooling  tower.  In 
the  condition  of  saturation  no  moisture  will  be  taken  up.  In 
case  such  atmosphere  is  heated,  however,  it  is  capable  of  tak- 
ing up  moisture  until  the  condition  of  saturation  is  reached 
for  the  higher  temperature.  Accordingly,  as  the  atmosphere 
in  the  upward  passage  became  heated  through  contact  with 
the  warm   descending  water  there  would  be  eflTected  some 
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e^Sftporation  and .  cooling  on  this  account,  though  much  less 
than  would  be  produced  under  normal  conditions. 

METEOROLOGICAL   CONDITIONS   EFFECTING   EVAPORATION. 

The  quantity  of  moisture  contained  in  the  atmosphere  in 
the  saturated  condition  depends  upon  the  temperature.  Cor- 
responding to  this  temperature  there  is  a  definite  pressure  for 
the  water  vapor.  Accordingly,  a  saturated  atmosphere  will 
contain  a  definite  amount  of  moisture. 

The  relation  between  the  quantity  of  moisture  in  saturated 
atmosphere  and  temperature,  and  other  data  pertaining  to  the 
same  are  shown  in  the  accompanying  table  : 

WEIGHT  OF   AIR,  VAPOR  OF  WATER,  AND  SATURATED   MIXTURES  OF 

AIR  AND  VAPOR  AT  DIFFERENT  TEMPERATURES  UNDER  THE 

ORDINARY  ATMOSPHERIC  PRESSURE  OF  29.921 

INCHES  OF  MERCURY. 


l« 

MIXTURE  or  AIR  8ATDRATKD  WITH  VAPOR. 

Hi 

m 
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t-1 

1 
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WRIGHT  OF  CUBIC  FOOT  OF  THE 

9$ 

MIXTURE  OF  AIR  AND  VAPOB. 

Weight 

astic  Fore 
e  Air  in  JA 
re  of  Air  f 
ipor.    Inc 
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in 
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11 
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the  Vapor 

m 
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with  one 
Pound  of 
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H>S 
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Pounds. 

Pounds. 
.000079 

in  Pound.s. 

Pounds. 

0 

.0864 

.044 

29.877 

.0863 

.086379 

.00092 

12 

.0842 

.074 

29.849 

.0840 

.000130 

.084130 

.00^*^5 

22 

.0824 

.118 

29.803 

.0821 

.000202 

.082302 

.00246 

32 

.0807 

.181 

29.740 

.0802 

.000304 

.080504 

.00379 

42 

.0791 

.267 

29.654 

.0784 

.000440 

.078840 

.00561 

62 

.0776 

.388 

29.533 

.0766 

.000627 

.077227 

.00819 

62 

.0761 

.566 

29.365 

.0747 

.000881 

.076581 

.01179 

72 

.0747 

.786 

29.136 

.0727 

.001221 

.073921 

.01680 

82 

.0733 

1.092 

28.829 

.0706 

.001667 

.072267 

.02361 

92 

.0720 

1.501 

28.420 

.0684 

.002250 

.070717 

.03289 

102 

.0707 

2.036 

27.885 

.0659 

.002997 

.068897 

.04547 

112 

.0694 

2.731 

27.190 

.0631 

.003046 

.067046 

.0(5253 

122 

.0682 

3.621 

26  300 

.0599 

.005142 

.065042 

.0^584 

132 

.0671 

4.752 

25.169 

.0564 

.006639 

.063039 

.1177) 

142 

.0660 

6.165 

23.756 

.0524 

.008473 

.060873 

.16170 

152 

.0649 

7.930 

21.991 

.0477 

.010716 

.058416 

.22465 

162  ' 

.0638 

10.099 

19.822 

.0423 

.013415 

.065715 

.31713 

172 

.0628 

12.758 

17.163 

.0360 

.016682 

.052682 

.46338 

182 

.0618 

15.960 

13.061 

.0288 

.020536 

.040336 

.71300 

192 

.0609 

19.828 

10.093 

.0205 

.025142 

.045644 

1.22643 

202 

.0600 

24.450 

6.471 

.0109 

.030545 

.041445 

2.80230 

212 

.0691  • 

29.921 

0.000 

.0000 

1 

.036820 

.036820 

Infinite 
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Below  saturation  there  would  be  a  smaller  amount  of  water 
vapor  in  the  atmosphere  with  a  proportionate  reduction  in  the 
vapor  pressure.  The  term  absolute  humidity  is  applied  to 
the  actual  quantity  of  moisture  in  grains  contained  in  a  cubic 
foot  of  atmosphere.     The   percentage  value  of  the  absolute 

Fig.  54. 


CHART  SHOWING   VAPOR  PRESSURES  FOR  DIFFERENT    TEMPERATURES 
AND  DIFFERENT  DEGREES  OF  SATURATION. 


humidity  to  the  maximum  at  saturation  is  called  the  relative 
humidity.  . 

The  chart  shown  in  Fig.  54  gives  values  for  vapor  pressures 
for  different  temperatures  and  different  degrees  of  saturation. 
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The  corresponding  weight  of  moisture  in  grains  per  cubic 
foot  is  given  in  the  chart  shown  in  Fig.  55.     From  the  curves 


Fro.  55. 
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CHART  SHOWING  RELATION   BETWEEN  RELATIVE  HUMIDITY  AND 
ABSOLUTE  HUMIDITY   FOR    DIFFERENT  TEMPERATURES. 

for  relative  humidity  and  the  temperature  the  value  for  abso- 
lute humidity  may  be  obtained. 

The  rate  of  evaporation  from  the  surface  of  water  is  ex- 


128  ARTIFICIAL   ICE-MAKINO   AND   REFRIGERATION. 

pressed  in  a  formula  determined  by  Mr.  Desmond  FitzGerald^ 
which  has  been  favorably  considered  by  the  Weather  Bureau^ 
as  follows : 


E  =  0.0J66(e.  — e,)(l-^) 


in  which  E  =  evaporation  in  inches  per  hour. 

e,  =  vapor  pressure  in  inches  corresponding  to  the  surface 
temperature  of  the  water. 

Cj  =  vapor  pressure  corresponding  to  the  dew-point. 

V  =  wind  velocity  in  miles  per  hour. 

The  values  for  vapor  pressure  are  obtained  by  means  of 
the  wet  and  dry  bulb  thermometers  and  the  usual  tables  issued 
by  the  Weather  Bureau. 

An  inspection  of  the  formulas  shows  that,  at  the  saturation 
point,  with  e.  =  e^,  the  evaporation  or  E  =  0. 

FEATURES    OF   CONSTRUCTION    AND    OPERATION. 

A  few  features  of  construction  may  well  receive  some  atten- 
tion. 

TowER-STRUCTURE : — As  applied  to  the  exterior  shell  the 
tower  may  be  constructed  of  brick,  steel  or  wood. 

CooLiNG-suRFACES : — ^Thcsc  form  the  interior  of  the  struc- 
ture and  are  made  of  iron,  glazed  tile  or  wood,  arranged  so 
that  the  water  fed  at  the  top  will  spread  out  and  be  retarded 
in  its  progress  as  it  trickles  downward. 

Water-distributing  APPARATUS  I — This  represents  the  con- 
trivance for  the  simple  but  iitiportant  feature  of  distributing 
the  water  at  the  top  of  the  tower.  For  this  purpose  are  used 
pipes  with  slots,  perforated  pipes,  and  galvanized  iron  troughs. 

Fans  : — These  are  arranged  at  the  base  of  the  tower.  Some- 
times only  one  fan  is  used  for  a  tower,  while  there  are  those 
who  advocate  the  use  to  two  fans  to  a  tower. 

Water-basin  : — ^The  basin  beneath  the  tower  which  catches 
the  cooled  water  and  from  which  it  is  led  to  the  condensers  is, 
according  to  the  location  of  the  tower,  either  built  of  concrete 
or  bricks,  or  consists  of  a  steel  pan  of  adequate  size  and  depth. 
In  either  case  it  should  be  so  constructed  that  a  ready  separa- 
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tion  of  the  impurities  from  the  water  may  be  eflfected  by  pre- 
cipitation and  drawing  off  at  the  bottom,  the  water  supply 
being  drawn  from  a  level  somewhat  above  the  bottom. 

Location  : — The  desirable  location  for  a  cooling-tower  is 
above  the  condensers,  so  that  the  water  will  flow  to  the  latter 
by  gravity.  If  necessary  the  tower  can  be  used  successfully 
in  other  locations. 

Capacity  : — CJooling-towers  are  built  with  capacities  of  from 
50,000  to  1,000,000  gallons  per  diem. 

Weight  : — ^The  matter  of  weight  is  closely  involved  with 
nearly  every  other  feature.  For  a  given  capacity  a  wooden 
structure  would  be  the  lightest,  and  on  this  account  alone, 
aside  from  other  advantages  claimed,  would  be  inclined  to  de- 
mand favor,  especially  for  locations  at  an  elevation. 

PUMPS. 

Claims  are  made  that  the  power  required  to  pump  the  water 
the  height  of  the  tower  is  about  one-half  horse-power  per 
100,000  gallons  per  diem.  Ordinary  water  pumps  are  used, 
such  as  would  probably  be  required  for  other  purposes  in  case 
there  were  no  cooling  tower. 

RESULTS    OBTAINED. 

A  few  results  that  have  actually  been  obtained  in  practice 
are  given  herewith. 

RESULTS  obtained  WITH  WATER-OOOLINO  TOWER. 

Temperature  of         Humidity  Temperature  of  Temperature  of 

Air  In  Shade.  of  Air.  Hot  Water.  Cooled  Water. 

100  Deg.  F.  25-60  %  110  to  135  Deg.  F.  71-83  Deg.  F. 

95  Deg.  F.  25-50  %  110  to  135  Deg.  F.  69-80  Deg.  F. 

90  Deg.  F.  25-50  %  110  to  135  Deg.  F.  66-76  li^^,  F. 

85  Deg.  F.  25-50  %  110  to  135  Deg.  F.  64-73  Deg.  F. 

80  De%,  F.  25-50  %  110  to  135  Deg.  F.  62-69  Deg.  F. 

It  is  claimed  that  water  can  be  cooled  in  the  hottest  sum- 
mer months  from  1°  to  25°  F.  below  the  temperature  of  the 
atmosphere,  according  to  the  percentage  of  moisture  contained 
therein. 
9 
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CALCULATIONS   FOR  EVAPORATION. 

Assume  an  atmospheric  temperature  of  8(P  F.  and  50  per 
cent,  relative  humidity.  The  vapor  pressure  for  these  condi- 
tions would  be  about  0.5  inches  of  mercury.  The  temperature 
for  saturation  with  this  pressure  is  about  58.5°  F.,  which 
would  be  the  actual  low  limit  of  temperature  for  cooling. 
Allowing  for  practical  operations  a  difference  of  0.2  inch  of 
mercury  between  the  vapor  pressure  for  the  water  surface  and 
the  atmosphere  to  secure  evaporation  the  practical  low  limit 
of  temperature  for  the  water  would  correspond  to  a  pressure  of 
0.2  +  0.5  =  0.7  inches  of  mercury,  which  is  about  69*^  F. 

To  cool  1000  pounds  of  water  from  129°  F.  to  69^  F.  would 
require 

1000  X  (129  —  69)  =  60,000  B.  T.  U. 

This  would  require  the  evaporation  of  about      *        =  60  lbs. 

of  water,  which  is  equivalent  to  6  per  cent,  of  the  total. 

The  atmosphere  at  80^  F.  and  50  per  cent,  humidity  con- 
tains 5.467  grains  of  moisture  per  cubic  foot  and  at  69°  F. 
and  saturation  the  amount  would  be  7.726  grains  per  cubic 
foot.  The  amount  absorbed  per  cubic  foot  of  air  would  be  the 
difference  between  these  two  values  or  7.726  —  5.467  =  2.259 
grains  per  cubic  foot,  which  is  equivalent  to  0.0003277 
pounds.  Accordingly  the  quantity  of  air  required  would  be 
60 


0.0003277 


=  184,000  cubic  feet. 


COST   OF    COOLING   TOWER. 

Take  the  case  of  a  100-ton  refrigerating  plant  on  a  liberal 
basis  of  2  gallons  of  water  per  minute  per  ton  the  number  of 
gallons  of  water  required  per  day  would  be :  200  X  1440  = 
288,000  gallons  per  day. 

This  would  require  a  fan  of  9  feet  diameter,  making  190  revo- 
lutions per  minute  and  requiring  12  horse-power  to  drive. 

The  cost  of  the  outfit  will  be  in  the  neighborhood  of 
$2,000.00.  The  loss  of  water  by  evaporation  at  5  per  cent, 
would  be  14,400  gallons  per  day. 
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For  the  12  horse-power,  if  a  small  engine  is  used  for  driving 
the.  fan,  there  will  be  required  about  72  pounds  of  coal  per 
hour. 

In  case  the  tower  is  erected  on  the  roof,  so  that  the  water 
runs  by  gravity  to  the  ammonia  condensers,  the  pumping  will 
be  limited  to  the  lift,  corresponding  to  the  height  of  the  tower. 
In  cases  where  without  the  cooling  tower  the  water  would  be 
pumped  from  a  well,  the  pumping  requirements  for  the  tower 
would  be  offnaet  by  the  saving  in  pumping  from  the  well. 

Another  feature  involved  in  the  cost  is  the  life  of  the  tower. 
The  Only  parts  subject  to  wear  and  .tear  are  the  pump  and  fan, 
which  involve  the  usual  small  amount  of  attention  generally 
devoted  to  such  apparatus. 

From  the  crude  data  given  it  is  possible  to  determine  in  an 
off-hand  manner  as  to  whether  or  not  it  will  pay  to  install  a 
cooling  tower. 

It  will  generally  be  found  that  where  water  is  comparatively 
scarce  or  expensive,  due  either  to  the  well  supply  being  in- 
suflScient  or  to  being  limited  to  use  of  city  water,  a  cooling 
tower  will  prove  a  boon  that  will  relieve  the  situation. 
Furthermore,  there  are  actually  very  few  cases  in  which 
such  a  tower  would  not  aflford  a  reduction  in  cost  of  operation 
and  pay  for  itself  in  a  short  time. 


CHAPTER  XV. 

GENERAL    DESCRIPTION    OF  A  COMPRESSED    AIR  REFRIGERATING 

PLANT. 

Among  the  earliest  efforts  in  the  way  of  building  refrigerat- 
ing machines,  the  air  machine  will  be  found  to  have  a  promi- 
nent place. 

An  explanation  of  the  refrigeration  effect  of  compressed  air 
is  as  follows : 

Air  being  an  elastic  fluid,  it  is  subjected  to  a  heavy  pressure 
and  compressed  into  cylinders  as  shown  in  Fig.  56. 

A  =  Steam  Cylinder. 

C  =  Air  Compressor. 

D  =  Cooling  Coil. 

E  =  Oiling  Interceptor. 

F  =  Expanding  Cylinder. 

G  =  Circulating  Coil. 

The  air  is  taken  into  cylinder  "C"  or  the  compression 
cylinder  from  coil  **  G  "  which  is  used  for  the  circulation  of 
the  cooled  air. 

By  passing  the  air  through  the  compressing  cylinder  it  is 
compressed  into  a  density  often  or  fifteen  atmospheres. 

The  heat  held  in  specific  form  is  intensified  from  75  degrees 
in  its  original  form  to  300  or  400  degrees  in  a  compressed 
condition. 

This  heat  is  conducted  off  by  the  compressed  air  being  held 
in  a  coil  surrounded  by  water  or  in  long  pipes  passing  through 
the  atmosphere,  as  when  used  for  rock -drilling  appliances. 

When  the  temperature  of  the  compressed  air  has  become 
reduced  by  conduction  to  its  normal  temperature  of  75^  it  is 
still  compressed  to  15  atmospheres. 

Should  this  be  allowed  to  escape  into  the  atmosphere  at 
this  point,  a  temperature  of  from  10°  above  zero  to  zero  would 

(132) 
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be  obtained,  part  of  this  low  temperature  being  due  to  the  en- 
ergy required  to  force  itself  into  the  atmosphere  against  atmos- 
pheric pressure  14.7  lbs.  per  square  inch. 
Should  the  compressed  air  be  allowed   to  expand   into  a 


Fig.  66. 


t22ZZZZZ2Z2ZZZZZZZ2ZZZ2 


^■iP^wy^^^ 


OOMPRESBED  AIR  REFRIGERATING  PLANT. 


chamber  in  which  there  was  a  vacuum,  the  result  would  be  a 
higher  temperature. 

We  have  still  another  action  for  the  air,  which  is  its  passage 
through  the  expanding  cylinder. 
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This  cylinder  has  a  cut-off  valve  motion,  and  the  air  entering 
aty  say  150  pounds  pressure,  aids  the  steam  cylinder  in  its  work. 

Here  is  demonstrated  the  fundamental  law,  that  all  motion 
or  power  exerted  is  actuated  solely  by  heat,  for  the  air  in  ex- 
panding in  the  cylinder  has  consumed '  the  heat  until  it  is  de- 
livered into  the  cooling  coils  at  from  40  to  70  degrees  below 
zero. 

An  inquiring  mind  might  ask,  "  What  becomes  of  the  heat 
as  it  passes  through  the  expanding  chamber?"  and  as  we  have 
as  a  result  energy,  as  shown  in  the  cylinders  of  a  compressed 
air  rock  drill,  and  as  it  seems  impossible  to  determine  the 
dividing  point  between  energy  and  heat,  it  may  not  be  far  out 
of  the  way  to  claim  they  are  one  and  the  same  thing. 

The  system  thus  briefly  described  using  cooling  coils  or  cir- 
culating coils  for  tl)e  transmission  of  the  refrigerated  aic  to  the 
refrigerating  chambers  is  known  as  a  closed  system. 

The  system  used  at  one  time  rather  extensively  on  ship- 
board was  the  open  system  in  which  the  pipe  coils  G  were  dis- 
pensed with.  The  distribution  of  the  refrigerated  air  in  this 
case  was  effected  by  means  of  large  trunk-ways,  being  dis- 
charged directly  into  the  refrigerating  chambers  by  the  deliv- 
ery trunk  and  drawn  from  the  return  trunk  by  the  air  com- 
pressor. 

Apparatus  for  either  of  these  methods  is  bulky  and  ineflS- 
cient  for  the  duty  performed.  An  improvement  of  considerable 
merit  is  the  use  of  the  closed  system  with  air  compressed  to 
several  times  the  density  of  normal  atmospheric  pressure  for 
the  basis  of  the  system,  the  air  supplied  to  the  compressor 
being  brought  to  this  pressure  by  an  auxiliary  priming  pump. 

In  cases  where  exceedingly  low  temperatures  may  be  wanted 
for  special  purposes  with  eflBciency  of  comparatively  secondary 
importance  the  compressed-air  system  will  be  found  to  be  gen- 
erally quite  reliable  and  well  suited  to  the  purpose. 


CHAPTER  XVI. 

FEATURES    COMMON   TO    THE    AMMONIA    ABSORPTION    AND    COM- 
PRESSION  SYSTEMS. 

As  has  already  been  stated  in  Chapter  II  there  are  certain 
features  that  are  common  to  both  the  ammonia  absorption  and 
compression  systems  and  others  that  are  peculiar  to  each.  In 
the  present  case  we  will  consider  some  qf  the  features  that  are 
common  to  both. 

AMMONIA   CONDENSER. 

Extended  reference  has  been  made  to  this  in  the  special 
chapter  on  condensers,  Chapter  VIII. 

PURGE  COCK  OR  AIR  VALVE. 

This  is  a  cock  or  valve  provided  at  the  highest  point  of  the 
system  for  blowing  oflf  air  or  accumulated  foreign  gases.  In 
some  cases  a  small  pet  cock  for  this  purpose  is  located  at  the 
top  of  each  condenser  coil. 

LIQUID   AMMONIA    RECEIVER. 

This  feature  serves  as  a  storage  tank  for  liquid  ammonia 
received  from  the  condenser  before  admission  to  the  expansion 
valve.  The  receiver  should  be  amply  large  to  store  the  entire 
charge  of  ammonia  in  case  of  emergency  and  should  be  strong 
enough  to  withstand  high  pressures,  as  it  is  of  course  part  of 
the  high  pressure  system.  Gauge  glasses  are  provided  and 
gauge  cocks  that  close  automatically  in  case  of  breakage  of  the 
gauge  glass.  .  They  are  almost  invariably  built  of  a  cylindrical 
shell  type,  in  some  cases  arranged  horizontally  and  in  others 
vertically.     One  of  the  vertical  type  is  shown  in  Fig.  58. 

LIQUID    FORE   COOLER. 

The  function  of  the  liquid  fore  cooler  is  to  cool  the  liquid 
en  route  from  the  condenser  to  the  receiver.     It  is  not  an  in- 
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dispensable  feature  but  is  one  of  the  refinements  that  finds  a 
place  in  an  up-to-date  plant  where  only  the  best  possible  effi- 
ciency and  economy  will  be  acceptable.     It  is  a  means  of  ob- 
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taining  the  best  results  from  the  available  water  supply.  In 
some  cases  it  may  be  combined  with  the  condenser,  as  shown 
in  Fig.  34,  or  it  may  be  installed  as  a  separate  apparatus.     In 
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Fig.  59  is  shown  a  double-pipe  liquid  ammonia  cooler.  The 
cooling  water  en  route  to  the  condenser  passes  through  the 
annular  space  between  the  outer  pipe  and  the  inner  pipe  con- 
veying the  liquid  ammonia. 

EXPANSION  COCK  OR  VALVE. 

The  expansion  cock  or  expansion  valve  is  an  important 
feature.  It  should  be  adapted  to  obtaining  close  refinement 
of  regulations.     Good  results  are  obtained  with  what  is  known 

Fig.  59. 


DOUBLE-PIPE  LIQUID   AMMONIA  COOLER. 

as  a  needle  valve.     A  special  fornj  of  expansion  cock  is  shown 
in  Figs.  50,  51  and  52. 

EXPANSION    COILS. 

These  are  the  coils  into  which  the  liquid  ammonia  is  ad- 
mitted from  the  expansion  valve  and  in  which  the  vaporiza- 
tion of  the  liquid  occurs,  resulting  in  the  cooling  desired. 
These  coils  may  be  located  in  the  refrigerating  or  freezing 
chambers ;  in  a  brine  tank  or  freezing  tank ;  in  a  bunker 
room  for  cooling  air ;  or  may  be  part  of  a  double-pipe  brine 
cooler. 

STEAM  BOILER  PLANT. 

While  the  steam  boiler  plant  would  not  be  identical  for  the 
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two  systems,  the  style  of  boilers  and  feed  pumps  would  be  sim- 
ilar to  those  for  steam  power  plant. 

EVAPORATOR. 

This  is  an  apparatus  that  would  be  used  only  in  special 
cases,  as  for  obtaining  fresh  water  from  sea  water  by  distilla- 
tion. In  Fig.  60  is  shown  a  sectional  view  of  an  apparatus 
of  this  class  known  as  the  Lillie  evaporator.  It  is  of  the  class 
of  apparatus  used  in  sugar  production  designed  to  effect  evap- 
oration under  partial  vacuum. 

The  apparatus  consists  of  a  cast-iron  shell  provided  with  a 
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system  of  copper  tubes.  Near  one  end  is  a  head  tube  which 
divides  the  evaporator  into  two  parts,  one  called  the  steam 
space,  shown  at  the  left  in  Fig.  60,  the  other  the  vapor  space,, 
shown  at  the  right  in  the  illustration. 

One  end  of  each  copper  tube  is  expanded  in  the  tube  head,. 
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the  other  end  of  the  tube  being  closed,  except  that  the  extreme 
end  is  provided  with  a  small  air  vent  hole.  Under  the  evap- 
orator a  centrifugal  pump  is  placed  which  serves  to  circulate 
the  water  over  the  tubes.  A  float  in  the  float-box  l^eeps  the 
water  at  a  predetermined  level,  which  level  can  be  observed 
by  the  glass  gauge  on  the  float-box. 

The  steam  supplied  to  the  steam-space  is  condensed,  the 
water  formed  being  delivered  to  the  condenser.  The  water 
vapor  is  formed  as  stated  under  partial  vacuum,  and  conse- 
quently at  low  temperature,  the  vacuum  being  maintained  by 

Fig.  6!. 


TRIPLE  EFFECT  lilLLIE  EVAPORATOR  FOR  DISTILLATION  OF  SEA  WATER. 


an  air  pump.  From  the  evaporator  the  vapor  is  delivered  to 
the  vapor  or  steam  condenser,  where  it  is  condensed  in  the 
usual  way.  Improvement  in  economy  is  obtained  by  increas- 
ing the  number  of  evaporators  in  series,  so  as  to  obtain  more 
nearly  the  full  eflect  of  the  heat  of  the  steam. 

A  view  of  a  triple  effect  evaporator  used  to  obtain  fresh 
water  from  sea  water  in  an  ice  plant  at  Key  West,  Florida,  is 
shown  in  Fig.  61. 


CHAPTER  XXII. 

FEATURES   OF   THE    ABSORPTION   SYSTEM. 

There  are  a  few  special  characteristic  features  of  the  Am- 
monia Absorption  System  that  call  for  special  reference. 

A  particularly  important  part  is  the  distilling  apparatus  or 
the  still.  This  consists  of  a  number  of  diflferent  elements. 
Sometimes  the  still  is  considered  as  including  a  generator, 
analyzer,  rectifier  and  heater.  The  latter  is  also  known  as 
heat  exchanger,  economizer,  and  as  equalizer.  We  will  con- 
sider these  individually. 

THE   GENERATOR. 

The  generator  or  retort  in  the  Absorption  System  is  the 
apparatus  in  which  the  anhydrous  ammonia  is  generated. 
The  process  involved  consists  in  driving  the  anhydrous 
ammonia  or  ammonia  vapor  from  the  aqua  ammonia  by  heat. 
The  essential  feature  then  is  a  chamber  for  the  aqua  ammonia, 
arranged  so  that  it  can  be  subjected  to  heat.  Suitable  outlets 
should  be  provided,  for  the  ammonia  vapor  that  is  generated, 
and  for  drawing  off  the  weak  solution  or  weak  liquid  that 
remains. 

In  practice  the  heat  is  supplied  by  steam  coils  in  the 
chamber  with  the  aqua  ammonia.  The  operation  of  the  gen- 
erator may  be  improved  by  having  a  succession  of  these 
chambers,  one  below  the  other,  the  strongest  solution  being 
fed  into  the  uppermost.  As  the  solution  passes  down  in  con- 
secutive order  through  the  chambers  below,  it  gradually  be- 
comes weaker,  until  upon  leaving  the  lower  chamber  it  is 
weak  enough  to  be  drawn  off  to  the  weak  liquid  tank. 

A  generator  made  with  a  single  shell  is  shown  in  Fig.  62. 
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THE   ANALYZER. 

This  apparatus  generally  consists  of  a  series  of  baffle  plates 
or  separating  pans  located  in  a  stand-pipe  on  top  of  the  gen- 
erator, as  shown  in  Fig.  62.  The  top  serves  as  the  outlet  for 
the  ammonia  vapor  and  inlet  for  the  strong  aqua  ammonia, 
the  vapor  being  delivered  from  the  extreme  top  and  the  aqua 

Fig.  62. 


THE  POLAR  STILL. 

Sectional  View  of  Generator,  Analyzer  and  Heater. 

admitted  to  the  uppermost  suspension  pan.  The  aqua  as  it 
trickles  downward  over  the  series  of  pans  and  the  vapor  in  its 
winding  passage  upward  become  considerably  intermingled 
with  the  result  that  the  vapor  is  largely  freed  from  water  in 
suspension  and  becomes  nearly  anhydrous. 

THE    RECTIFIER. 

The  function  of  the  rectifier  is  to  render  the  vapor  practi- 
cally anhydrous  by  removing  the  remaining   water.     This 
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consists  of  a  suitable  chamber  with  a  net-work  of  vertical 
tubes.  The  vapor  is  admitted  to  the  shell  of  the  chamber,  the 
liquid  falling  to  the  bottom  and  is  led  back  to  the  generator. 
The  pipes  may  contain  cooling  liquid.  A  satisfactory  arrange- 
ment is  to  pass  through  these  pipes  the  strong  aqua  ammonia 
on  the  way  to  the  analyzer. 

THE    EQUALIZER. 

One  of  the  economic  features  of  the  absorption  system  is  the 
equalizer.  It  is  designed  to  effect  a  transfer  of  heat  from  the 
weak  liquor  from  the  generator  to  the  strong  liquor  en  route 
to  the  generator. 

Fig.  63. 


THE  EQUALIZER. 

Vogt,  double-pipe  construction,  absorption  system. 

The  two  liquors  are  passed  through  separate  coils  in  close 
proximity  to  one  another,  as  in  Fig.  62,  or  may  be  one  en- 
closed within  the  other  on  the  double-pipe  principle,  as  shown 
in  Fig.  63.  The  weak  liquor,  as  it  leaves  the  generator,  con- 
tains an  excess  of  heat  which  it  is  advantageous  to  dispose  of 
before  it  reaches  the  absorber.  On  the  contrary,  in  the  case 
of  the  strong  liquor  which  is  pumped  from  the  absorber  to  the 
generator,  these  conditions  are  exactly  reversed.  In  the  ab- 
sorber the  temperature  is  maintained  low,  while  in  the  gener- 
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ator  the  contrary  is  the  case.     Accordingly,  a  transfer  of  heat 
en  route,  as  mentioned,  is  a  distinct  gain. 

THE   WEAK   LIQUOR   COOLER. 

A  weak  liquor  cooler  is  sometimes  used,  built  after  the  plan 
of  a  condenser.  Its  purpose  is  to  remove  heat  from  the  weak 
liquor  on  the  way  from  the  generator  to  the  absorber.  The 
proper  location  for  it  is  below  the  regular  condenser,  so  as  to 
allow  the  use  of  the  condenser  water  to  effect  the  desired 
cooling. 

THE   AMMONIA   PUMP. 

The  distinctive  feature  of  the  ammonia  pump  in  the  absorp- 
tion system  lies  in  the  fact  that  it  is  the  only  mechanically 
operating  part  of  the  plant  aside  from  a  feed  pump  for  the 
boiler.  The  pump,  however,  is  not  an  ordinary  affair,  as  it 
must  involve  special  features  to  avoid  loss  of  ammonia  under 
the  comparatively  high  pressure.  Especially  is  this  the  case 
in  regard  to  the  stuflBng-box.  The  problem,  however,  is  con- 
siderably minimized  by  the  fact  that  the  pump  is  a  compara- 
tively small  affair,  and  may  be  designed  to  run  at  moderate 


AUTOMATIC    REGULATOR. 

This  serves  to  regulate  the  flow  of  weak  liquor  to  the  ab- 
sorber. It  operates  to  maintain  the  supply  of  weak  liquor  to 
correspond  with  the  rate  at  which  the  aqua  ammonia  pump 
carries  away  the  strong  aqua  ammonia. 

THE   ABSORBER. 

In  the  absorber  the  process  takes  place  which  gives  the 
name  to  the  system,  namely,  the  absorption  of  ammonia  vapor 
by  water  or  weak  aqua  ammonia.  See  Fig.  64.  The  duty  of 
the  absorber  is  accordingly  the  reverse  of  the  duty  of  the  gen- 
erator. As  the  process  of  separation  in  the  generator  is 
brought  about  by  the  supplying  of  heat,  so  in  the  absorber 
the  process  is  assisted  by  the  removal  of  heat.     The  absorber 
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is  accordingly  provided  with  cooling  coils  with  a  flow  of 
water  to  reduce  the  temperature  of  the  contents.  The  weak 
liquor  is  supplied  from  the  weak  liquor  tank,  and  the  am- 
monia vapor  is  drawn  from  the  refrigerating  coils.     It  is  accord- 


Fio.  64. 


;( 


THE  ABSORBER 

ingly  the  duty  of  the  absorber  to  regulate  the  back  pressure 
in  the  refrigerating  coils. 

The  strong  aqua  ammonia  that  is  formed  in  the  absorber  is 
either  pumped  from  the  absorber  directly  to  the  generator 
through  the  equalizer,  or  is  drawn  off  into  a  separate  tank 
from  which  the  supply  for  the  generator  is  drawn. 


CHAPTER  XVIII. 

FEATURES   OF   THE   AMMONIA    COMPRESSION   SYSTEM. 

As  such  features  as  are  common  to  both  the  ammonia  ab- 
sorption system  and  the  ammonia  compression  system  have 
been  already  considered  in  Chapter  XVI,  we  will  consider 
herewith  only  such  features  as  are  characteristic  of  the  am- 
monia compression  system. 

MOTIVE   POWER. 

Although  a  small  amount  of  motive  power  is  required  in 
the  ammonia  absorption  system  to  operate  the  pump  for  de- 
livering the  strong  aqua  ammonia  to  the  generator,  this  is 
such  a  diminutive  affair  that  it  is  not  to  be  considered  in  con- 
nection with  the  compression  system,  in  which  mechanical 
power  is  depended  upon  entirely  to  bring  the  refrigerant  to  the 
higher  temperature,  so  that  the  condenser  nv^ater  can  perform 
its  function  of  carrying  off*  the  heat  corresponding  to  the  re- 
frigerating duty.  Accordingly,  the  motive  power  constitutes 
one  of  the  most  important  features  of  a  compression  plant. 

The  matter  of  choice  of  motive  power  is,  however,  not  par- 
ticularly involved  in  the  compressor,  as  any  kind  of  power 
will  generally  answer,  the  choice  being  determined  from  local 
conditions. 

Although  use  is  occasionally  made  of  water  power,  electric 
power,  or  gas  or  gasoline,  the  large  majority  of  plants  are 
operated  by  steam. 

STEAM  ENGINES. 

Although  the  details  of  the  steam  engine  are  more  or  less 
intimately  involved  with  those  of  thp  compressor,  the  two  in 
most  cases  being  made  up  practically  as  one  unit,  the  engine 
problems  are  common  to  those  of  sleam  engines  in  general. 
10  (145) 
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All  kinds  of  engines  are  used,  and  all  kinds  of  results  are 
obtained.  In  a  strictly  refrigerating  plant  a  first-class  engine 
has  the  same  advantages  as  in  any  manufacturing  plant.  In 
the  case  of  a  can-ice  plant,  however,  this  does  not  so  clearly 
hold  true,  because  the  exhaust  steam  is  used  for  the  produc- 
tion of  ice  and  in  mostj  cases  is  not  quite  equal  to  tlie  demand, ' 
so  that  the  deficiency  must  be  made  up  by  live  steam  from  the 
boiler.  Accordingly,  economy  must  be  looked  for  in  the 
boiler  rather  than  in  the  engine. 

It  is  possible,  however,  by  the  use  of  an  auxiliary  apparatus 
known  as  an  evaporator  to  obtain  full  benefit  of  the  economy 
of  a  first-class  compound  condensing  steam  engine  in  an  ice 
plant  and  increase  the  production  of  ice  per  ton  of  coal  over 
25  per  cent. .  This  apparatus  is  used  to  evaporate  water  by 
utilizing  the  heat  in  exhaust  steam,  the  apparatus  operating 
under  high  degree  of  vacuum. 

Where  the  compressor  is  belt  driven,  or  in  general  where 
the  engine  is  used  for  other  purposes  than  driving  the  com- 
pressor, the  design  of  the  engine  is  quite  independent  of  the 
compressor.  The  case  is  different,  however,  where  the  engine 
and  compressor  are  more  or  less  intimately  connected,  as 
where  they  are  either  directly  connected  by  cranks  to  the  same 
shaft  or  arranged  tandem.  In  either  of  these  cases  the  speed 
of  the  engine  and  that  of  the  compressor  are  obviously  the 
same,  which  is  generally  somewhat  slower  than  would  ordi- 
narily be  the  case  with  engines  of  equivalent  power. 

With  the  tandem  arrangement  both  the  speed  and  the  stroke 
are  identical.  This  results  in  a  rather  large  ratio  of  cylinder 
diameter  to  length  of  stroke.  Furthermore,  this  method  of 
drive  is  undesirable  from  the  fact  that  the  greatest  strain  on 
the  compressor  is  exerted  at  the  extreme  end  of  the  compres- 
sion stroke,  at  which  point  the  effort  of  the  engine  is  a  mini- 
mum, necessitating,  accordingly,  unusual  dependence  upon 
the  fly-wheel  for  the  delivery  of  stored-up  energy. 

EVAPORATOR. 

As  has  been  mentioned,  by  means  of  an  evaporator  it  is 


FEATURES   OF   THE   AMMONIA   COMPRESSION   SYSTEM.      147 

possible  to  take  full  advantage  of  the  economy  of  a  high  class 
compound  condensing  engine.  This  apparatus  is  similar  to 
that  referred  to  in  Chapter  XVI  and  shown  in  Figs.  60  and  61 
as  used  for  the  evaporation  of  fresh  water  from  sea  water. 

A  view  of  such  an  apparatus  with  accessories  is  shown  in 
Fig.  65. 

The  oil  extractor  represents  the  apparatus  used  to  cleanse 
the  exhaust  steam  so  that  the  same  may  be  utilized  in  the  ice 
product.     The  exhaust  steam  is  condensed  in  the  steam  space 

Fig.  65. 


THE  "LIL.LIE''   EVAPORATOR. 

**  Lillie"  evaporator  combined  with  oil  extractor,  steam  condenser,  air 
pump  and  reboiler. 

of  the  evaporator,  the  water  formed  being  delivered  to  the 
steam  condenser. 

The  water  vapor  formed  by  evaporation  in  the  vapor  sec- 
tion is  delivered  to  the  steam  condenser,  where  it  is  condensed. 
.  From  the  steam  condenser  the  water  is  delivered  to  a  re- 
boiler,  provided  with  a  live  steam  heating  coil,  in  which  the 
air  and  foreign  gases  are  driven  off  from  the  water.  These 
gases  are  driven  over  to  the  vapor  space  of  the  condenser,  from 
which  they  are  removed  by  the  air  pump. 

The  vapor  spaces  of  the  evaporator,  condenser  and  reboiler 
are  all  connected.  The  pressure  in  these  spaces  is  maintained 
low  by  means  of  the  air  pump.     On  account  of  this  low  pres- 
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sure,  or  partial  vacuum,  the  vaporization  of  water  is  effected 
at  low  temperature. 

From  the  reboiler  the  water  is  delivered  by  means  of  a 
pump,  the  speed  of  which  is  regulated  by  a  float  in  the  re- 
boiler,  to  the  usual  skimming  tank,  from  which  the  water 
follows  its  usual  course  to  the  cold  water  storage  tank. 

CONDITIONS  OF  OPERATION. 

The  pressure  in  the  steam  space  corresponds  to  the  vacuum 
maintained  for  the  condensation  of  the  steam  engine.  This 
may  be  varied  somewhat  for  different  seasons,  running  from 
about  21"  in  cold  weather  to  18''  or  16"  in  summer,  when 
the  higher  output  is  demanded  of  the  evaporator.  The  con- 
ditions for  operation  in  the  latter  case  are  approximately  as 
follows : 

CONDITIONS  OF  OPERATION  IN  EVAPORATOR. 

Corresponding 
Degree  of  Temperature 

Vacuum.  of  Steam 

and  Water. 

Steam  apace 18'^  169°  F. 

Vapor  space  ...       2iS''  126°  F. 

Condenser 26^'  126°  F. 

Ke-boUer 26'^  126°  F. 

The  temperature  of  the  water  delivered  from  the  condenser 
to  the  re-boiler  would  depend  upon  the  drop  in  temperature 
en  route,  which  might  amount  to  5°  or  6°  F.  This  would 
represent  the  amount  the  temperature  of  the  water  would  need 
to  be  raised  in  the  re-boiler  to  produce  ebullition. 

RESULTS. 

Values  for  results  obtained  for  the  conditions  mentioned 
above  are  as  follows  : 
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RESULTS  OBTAINED  WITH  LILLIE  EVAPORATOR. 

Water  evaporated  per  lb.  of  steam J  lb. 

Steam  required  for  100  tons  water : — 

Basis  as  per  above 53.3  tons. 

Allowing  for  losses 73  to  75  tons. 

Ice  production,    (/an  system.    Kesults  obtainable  : — 

Tons  of  ice  per  ton  of  coal 10  tons. 

Increase  in  production  in  tons  10—6  = 4   tons. 

Increase  in  production 40  %. 

Practical  results  :— 

Increase  in  ice  production 25  % . 

Increase  in  cost  of  plant 15  ^  to  20  %. 

The  results  given  would  seem  to  put  the  can  system  of  ice 
production  from  distilled  water  about  on  an  equivalent  basis 
with  the  plate  system. 

AMMONIA   COMPRESSORS. 

It  may  be  readily  inferred  that  the  ammonia  compressor, 
the  part  in  which  the  compression  takes  place,  is  the  charac- 
teristic feature  of  the  apparatus  employed  in  the  ammonia 
compression  system.  Compressors,  however,  are  not  all  alike. 
There  are  a  number  of  different  styles  of  compressors  as  re- 
gards details  of  construction,  and  a  few  diflTerent  plans  of 
operation,  so  that  it  may  be  said  that  there  are  several  differ- 
ent kinds  of  compression  systems.  The  variety  of  com- 
pressors corresponds  more  or  less  to  that  for  steam  engines, 
with  a  few  more  added.  For  instance,  there  are  vertical  com- 
pressors and  horizontal  compressors,  single  acting  and  double 
acting.  Even  compound  compressors  have  been  used.  Then 
as  regards  operation,  there  is  wet  compression  and  dry  com- 
pression. Methods  of  cylinder  cooling  include  use  of  water 
jacket;  injection  of  oil;  injection  of  liquid  ammonia;  or 
simply  the  cooling  effect  of  unevaporated  liquid  ammonia 
drawn  into  the  cylinder  with  the  vapor  in  the  suction  stroke 
in  the  wet  process. 

Examples  of  different  apparatus  employing  the  various 
features  mentioned,  excepting  compounding,  are  enlarged 
upon  in  Part  II,  following.  As  the  apparatus  described  is  in 
all  cases  such  as  is  in  successful  practical  operation,  it  is  evi- 
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deiitly  not  possible  to  make  a  definite  statement  as  to  which 
one  is  the  best.  It  may  be  well  to  consider  some  of  the 
claims  that  are  made  for  some  of  the  different  styles  and  a 
few  special  features. 

VERTICAL   COMPRESSORS. 

With  vertical  compressors  the  wear  of  the  cylinder,  piston, 
piston-rod,  and  stuflBng-box,  is  reduced  to  a  minimum,  and, 
furthermore,  such  wear  is  uniform  on  all  sides.     There  is  also 

Fig.  66. 


VERTICAL.  SINGLE-ACrriNG  REFRIGERATING  MACHINE 

Newburgh  Ice  Machine  and  Engine  Co. 

economy  in  floor  space.  With  a  horizontal  engine  and  a 
proper  arrangement  of  cranks  the  period  of  maximum  com- 
pression may  be  made  to  correspond  to  the  period  of  maxi- 
mum eflfiect  in  the  steam  cylinder,  certainly  an  ideal  arrange- 
ment. A  view  of  a  pair  of  single-acting  compressors  is  shown 
in  Fig.  66. 

HORIZONTAL    COMPRESSORS. 

In  horizontal  compressors  the  lines  of  strain  are  brought 
close  to  and  parallel   with   the  foundation,  giving  superior 
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stability  and  rigidity  to  the  structure.  Another  feature  is 
the  accessibility  of  all  the  parts.  Machines  of  this  type  have 
been  in  continuous  use  for  twenty  years  without  re-boring  of 
cylinders,  showing  that  the  feature  of  oval  wear  of  cylinder 
and  piston  is  not  a  very  serious  difficulty  with  horizontal 
machines.  Horizontal  machines  are  almost  invariably  double- 
acting.  An  illustration  of  a  compressor  of  this  type  is  shown 
in  Fig.  67. 

SINGLE-ACTING,    VERTICAL. 

Practically  all  single-acting  machines  are  of  the  vertical 
type.  In  this  class  of  machines  the  clearance  at  the  end  of 
the  stroke  may  be  adjusted  to  a  minimum.  It  is  possible  to 
use  in  this  type  a  safety  compressor  head,  covering  the  end  of 
the  cylinder.  This  is  held  in  place  ordinarily  by  a  heavy 
spring,  which,  however,  will  give  way  in  case  a  solid  obstruc- 
tion or  a  superfluous  amount  of  liquid  should  happen  to  be 
admitted  to  the  space  between  the  cylinder-head  and  the 
piston.  In  other  words,  it  is  a  large  valve  that  can  be  forced 
open  by  the  piston  in  case  of  emergency,  and  thus  save  ex- 
pensive and  serious  damage  to  the  apparatus  and  possible  loss 
of  ammonia. 

With  this  type  generally  the  ammonia  vapor  is  admitted 
to  the  space  in  the  lower  portion  of  the  cylinder,  below  the 
piston.  This  tends  to  keep  this  portion  of  the  cylinder  and 
piston  cool,  and  being  at  comparatively  low  pressure,  reduces 
the  difficulty  of  the  problem  of  packing  the  stuffing-box  for 
the  piston-rod. 

A  good  plan  followed  in  many  cases  is  to  have  the  suction- 
valve  in  the  piston.  It  can  be  made  of  ample  size,  and  es- 
pecially reliable  and  effective  in  operation. 

Machines  of  this'type  are  almost  invariably  equipped  with 
a  water  jacket  for  cooling  the  cylinder. 

The  compressor  cylinder  shown  with  details  in  Figs.  68  to 
75  inclusive,  contains  the  various  features  mentioned,  namely, 
vertical  stroke,  single  action,  safety-head,  admission  of  suction 
vapor  below  piston,  suction  valve  in  piston,  and  also  water- 
jacket  for  cooling  the  cylinder. 


FiaS.  68  TO  75  INCLUSIVE.— 4i! 
Fig.  6S~8ecCional  View.    09— Suction  Valve.    70— Dischaige  Valve.    71  and  72— i::>, 
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-u4mmoDia  Pistons.    TS-^Compressor  Cover.    74~CompresBor  Base.    75— Compreflsor  Cylinder. 

(Opposite  page  162.) 
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Machines  of  the  vertical  single-acting  type  of  the  larger 
sizes  are  generally  erected  in  pairs.  This  type  of  con^ruction 
has  been  employed  for  some  of  the  largest  machines  that  have 
ever  been  built.  In  other  words,  this  type  of  machine  seems 
to  hold  the  record  for  size. 

Machines  of  this  type,  complete  with  horizontal  steam 
engines,  are  shown  in  Fig.  66  and  in  the  Frontispiece. 

DOUBLE-ACTING   COMPRESSOR. 

Double-acting  machines  economize  in  floor  space  for  the 
same  power,  and  also  in  duplication  of  parts,  including 
cylinder  and  piston,  and  also  save  in  the  friction  losses.  The 
saving  corresponds  to  that  of  a  double-acting  steam  engine 
over  a  single-acting  engine.  As  has  been  stated,  horizontal 
machines  are  generally  made  double-acting.  Vertical  double- 
acting  machines  are  also  used,  including  large  capacity 
machines.  Views  of  double-acting  machines  are  shown  in 
Fig.  67,  and  in  connection  with  the  diagrammatic  view  of 
a  refrigerating  plant.  Fig.  3. 
• 

OIL    INJECTION. 

The  idea  of  oil  injection  is  for  lubrication  and  for  filling 
clearance  spaces  to  the  exclusion  of  ammonia  vapor.  The 
former  idea  is  well  realized,  the  latter,  however,  only  partially. 
The  clearance  spaces  are  filled  thoroughly  enough,  but  not  to 
the  exclusion  of  ammonia,  as  under  the  extreme  pressure  used 
a  considerable  quantity  of  ammonia  is  absorbed  by  the  oil 
remaining  in  the  cylinder.  This  ammonia  re-expands  during 
the  suction  stroke,  occupying  space  to  the  exclusion  of  a  cor- 
responding amount  of  fresh  vapor  from  the  expansion  coils. 
In  Fig.  76  is  shown  an  illustration  of  a  vertical  double-acting 
machine  of  this  type. 

OIL   SEPARATING    APPARATUS. 

Operation  with  oil  injection  involves  the  use  of  a  somewhat 
complex  system  of  apparatus  for  the  removal  of  the  oil  from 
the  ammonia.     This  consists  of  a  fore-cooler  or  oil  cooler, 
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built  after  the  plan  of  a  condenser,  in  which  the  greater  part 
of  the  oil  is  removed  before  the  ammonia  enters  the  con- 
denser ;  a  pressure  tank  in  which  the  oil  is  deposited  from  the 
fore-cooler;  and  a  separating  tank,  in  which  any  remaining 
oil  is  trapped  from  the  liquid  ammonia  after  condensation. 

These  features  are  given  further  attention  in  Part  II, 
Chapter  II,  describing  the  De  La  Vergne  apparatus. 

For  ordinary  compressor  systems  the  oil  separator  consists 
of  a  simple  oil  trap  built  after  the  plan  of  a  steam  separator, 
with  bafiie  plates  for  catching  the  entrained  oil. 

STUFFING-BOX. 

There  is  no  qtiestioning  the  importance  of  the  stuffing-box 
of  the  compressor.     A  leaky  stuffing-box  means  loss  of  am- 

FiG.  78. 


monia..  Considerable  attention  and  ingenuity  have  been  ex- 
pended in  developing  this  feature,  with  the  result  that  an 
efficient  and  reliable  construction  has  been  produced.  A 
typical  method  is  shown  in  the  illustration,  Fig.  78.  An 
explanation  of  the  construction  and  method  of  packing  is 
given  herewith. 

Referring  to  the  numbers  used  in  this  figure,  numbers  2,  4, 
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5,  9,  10,  12,  and  14,  indicate  packing  rings  made  from  the 
composition  of  rubber.  These  should  never  be  used  solid, 
but  should  be  cut  as  shown  in  sketch  "  A."  Numbers  3,  6, 
-8,  and  11  represent  metal  rings,  made  from  pure  tin.  They 
are  intended  to  keep  the  rubber  rings  in  proper  condition. 
These  rings  should  always  be  one-sixteenth  of  an  inch  larger 
than  the  rod  and  should  never  be  cut  in  two,  as  otherwise 
they  are  apt  to  score  the  rod.  If  it  is  necessary  to  put  in  new 
metal  rings,  disconnect  the  piston  rod  from  the  crosshead  and 
slip  the  rings  over  the  end  of  the  rod.  Under  no  circum- 
stances pack  the  compressor  without  the  metal  rings. 

Number  7  designates  the  lantern  which  forms  an  oil  storage 
reservoir  in  the  middle  of  the  stuffing-box.  The  oil  supply  is 
taken  in  at  the  point  marked  "a"  through  a  pipe  connection 
from  the  oil  trap.  This  passage  being  always  open,  the  oil  is 
forced  into  the  stuffing-box  by  the  high  pressure  gas  in  the  oil 
trap,  keeping  this  stuffing-box  and  lantern  always  full  and  in- 
stantly replacing  what  little  oil  is  carried  into  the  cylinder  on 
the  rod.  Number  13  is  the  stuffing-box  gland  which  is  sup- 
plied with  oil  through  the  inlet  **  b  "  from  a  small  oil  pump 
operated  from  the  main  shaft.  This  oil  overflows  at  **  c ''  and 
is  led  back  to  the  oil  pan  to  be  recirculated. 

Number  15  is  the  oil  gland  which  should  be  kept  just  tight 
-enough  to  keep  the  oil  in  the  stuffing-box  gland.  The  points 
of  contact  with  the  rod  are  numbers  1,  13,  and  15,  and  they 
must  fit  the  rod  properly.  If  it  becomes  scored  and  is  turned 
down,  these  parts  must  be  rebabbitted.  Great  care  should  be 
used  not  to  tighten  the  stuffing  gland  13  more  than  is  necessary 
to  prevent  the  ammonia  from  leaking. 

In  the  case  of  single-acting  machines  the  stuffing-box  is 
subjected  only  to  the  low  pressure  of  the  suction  system. 
Accordingly,  the  construction  of  the  stuffing-box  for  these 
machines  is  considerably  less  elaborate,  as  will  be  noted  from 
an  inspection  of  Fig.  68. 

COMPRESSOR    VALVES. 

The  suction  and  discharge  valves  are  invariably  spring 
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ORIST  PATENT  COMPRESSOR  SUCTION  VALVE. 

Pennsylvania  Iron  Works. 
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actuated.  Valves  at  the  end  of  the  cylinder,  remote  from  the 
stuflSng-box,  are  generally  located  in  the  cylinder-head,  as 
shown  in  Fig.  68  and  Fig.  76.  Valves  at  the  stufl5ng-box 
end,  in  double-acting  machines,  may  be  located  in  the  cylinder- 
head  or  at  one  side,  as  shown  in  Fig.  76.  Fig.  68  shows  a 
suction  valve  in  the  piston.  Valves  are  generally  assembled 
complete,  as  a  unit,  in  a  cage,  so  that  they  may  be  readily 
removed  and  replaced,  as  shown  in  Fig.  69,  Fig.  70,  and 
Fig.  79. 


CHAPTER  XIX. 

EFFECT  OF    BACK    PRESSURE   AND   SUPERHEATING  ON   CYLINDER 

CAPACITY. 

A  compressor  cylinder  of  definite  dimensions  and  operating 
under  definite  conditions,  would  have  a  definite  volume 
capacity.  The  capacity  by  weight  would,  however,  depend 
upon  the  density  of  the  medium.  The  density  of  the  medium 
would  depend  upon  the  pressure  and  upon  the  physical  con- 
dition of  the  medium.  The  physical  condition  of  the  medium 
with  a  given  pressure  would  depend  upon  the  temperature. 

Below  a  certain  temperature  the  medium  would  be  in  what 
is  known  as  the  saturated  condition.  In  this  condition  the 
medium  is  classed  as  a  vapor.  A  vapor  is  either  in  contact 
with  some  of  the  liquid  from  which  it  is  formed  or  it  is  just 
at  the  point  of  complete  evaporation.  The  temperature  of 
the  vapor  would  be  the  same  as  that  of  its  mother  liquid. 
There  is  a  definite  relation  between  temperature,  pressure, 
and  volume  for  a  vapor,  values  for  these  being  published  in 
tables  for  different  substances,  including  ammonia. 

Above  this  certain  temperature  the  medium  is  in  what  is 
known  as  a  superheated  condition.  In  this  condition  the 
medium  is  called  a  gas.  The  relation  between  temperature, 
pressure,  and  volume  of  a  gas,  is  expressed  by  an  exponential 
function  as  follows : 

T  /P.\K-1  /V_\K-1 


T. 


.p    V  K-1  ,V    \  1 


in  which  T,  P,  and  V  represent  respectively  temperature, 
pressure  and  volume,  and  K  =  1.30  for  ammonia. 

An  inspection  of  the  ammonia  tables  will  show  that  for  a 
Tapor  the  capacity  would  depend  upon  the  pressure,  and  the 
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formula  given  shows  that  for  a  gas  with  a  definite  pressure 
the  capacity  would  depend  upon  the  temperature. 

CAPACITY    AND    BACK    PRESSURE. 

It  is  generally  assumed  that  -the  capacity  of  an  ammonia 
compressor  varies  directly  as  the  back  pressure.  That  this  is 
nearly  correct  is  shown  from  the  abstract  from  the  ammonia 
table  given  herewith. 


DENSITY  OF  AMMONIA  VAPOR  AT  SUCTION  PRESSURE. 

Temperature. 
F. 

Absolute  pressure 
lbs.  per  sq.  in. 

Weight  of  vapor  per 
cubic  foot  lbs. 

—40° 

10.69 

.0410 

—15° 

20.99 

.0779 

0° 

30.37 

.1107 

15° 

42.94 

.1541 

30° 

59.42 

.2099 

While  the  actual  work  of  compression  bears  a  somewhat 
close  relation  to  the  density  of  the  vapor,  the  friction  losses  do 
not  vary  appreciably  for  different  conditions.  Accordingly, 
with  a  reduction  in  capacity  due  to  reduction  in  suction 
pressure,  there  is  no  corresponding  diminution  in  the  gross 
work  of  compression  and  in  the  expenses  of  operation. 

The  conditions  are  further  complicated  by  the  increase  in 
the  range  of  working  temperatures  involved  in  a  reduction  of 
temperature  corresponding  to  the  reduction  in  pressure. 

The  relation  between  capacity,  work,  and  cost  of  operation, 
are  very  plainly  set  forth  by  a  set  of  three  curves  in  the  chart 
shown  in  Fig.  80,  developed  by  the  De  La  Vergne  Machine 
Co.  One  curve  shows  the  diminution  in  capacity  correspond- 
ing to  the  diminution  in  back  pressure,  the  other  two  curves 
showing  the  corresponding  changes  in  work  required  and 
cost  of  fuel. 
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A  few  figures  taken  from  these  curves  are  here  given. 

With  a  capacity  of  10  tons  at  a  return  or  back  pressure  of 
28  pounds  per  square  inch,  the  capacity  at  a  return  pressure 
of  6  pounds  per  square  inch  is  reduced  to  5  tons  only.  The 
ratio  showing  the  corresponding  change  in  the  cost  of  fuel  is 
14.5  to  25.  In  other  words,  the  cost  per  ton  of  fuel  is  nearly 
doubled  while  the  capacity  is  halved. 

Fia.  80. 
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RSFRIGeRATOR  PRESSURE  <S  TEMPERATURE. 

CHART  SHOWING  RELATION   BETWEKN   PRESSURE,  WORK,  AND  COST  OP 

FUEL. 

While  these  figures  might  be  altered  under  different  situa- 
tions, they  undoubtedly  indicate  very  closely  a  state  of  facts 
that  cannot  be  set  aside. 

The  bearing  of  these  facts  upon  the  indirect  or  brine  sys- 
tem of  refrigeration  is  evident.  As  the  brine  pipes  should  be 
11 
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essentially  at  the  same  temperature  as  the  direct-expansion 
pipes  which  they  replace,  the  ammonia  in  the  direct-expan- 
sion pipes  in  the  brine  tank  for  the  purpose  of  reducing  the 
temperatures  of  the  brine  must  be  at  a  lower  temperature  than 
that  of  the  brine.  This  means,  of  course,  that  the  ammonia 
in  the  indirect  system  must  be  brought  to  a  lower  temperature 
than  in  the  direct  system.  This  reduction  in  temperature 
means  a  reduction  in  back  pressure. 

If  the  diflFerence  in  temperatures  be  10°,  that  is,  the  tem- 
perature in  the  refrigerating  coils  be  5°  instead  of  15°,  then 
the  capacity  of  the  machine  is  reduced  in  the  ratio  of  10  to  8, 
or  20  per  cent.,  and  the  cost  of  fuel  is  increased  in  the  ratio 
of  from  14.5  to  17.5,  or  20  per  cent. 

Nevertheless,  in  practical  operations,  the  range  in  working 
temperatures,  as  well  as  the  choice  of  refrigerating  medium 
and  other  features,  are  not  determined  strictly  from  a  thermo- 
dynamic standpoint.  At  the  same  time  the  theoretical  devel- 
opments serve  as  a  guide  as  to  the  path  to  follow  in  case  there 
are  no  restrictions  to  the  contrary. 

CONDITION    OF   SUPERHEAT. 

For  a  given  pressure  the  temperature  for  a  gas  will  be  higher 
than  for  the  vapor,  and  with  a  rise  in  temperature  there 
will  be  an  increase  in  volume  for  either  gas  or  vapor. 

It  follows  from  this  that  the  effect  of  superheating  on  the 
refrigerating  capacity  of  a  compressor  corresponds  in  a  general 
way  to  that  of  a  drop  in  suction  pressure.  In  both  cases  the 
result  is  a  reduction  in  capacity  due  to  a  reduction  in  the 
density  of  the  medium,  a  vapor  in  one  case  and  a  gas  in  the 
other. 

It  is  evident  from  what  has  been  stated  above  that  the 
temperature  of  the  medium  at  the  beginning  of  compression, 
and  consequently  the  volume  of  the  same  and  the  capacity  of 
the  compressor  depend  upon  the  condition  of  the  medium  as 
to  superheat.  Accordingly,  in  case  the  medium  id  the  refrig- 
erating coils  is  evaporated  to  dryness  there  would  be  super- 
heating on  the  way  to  the  compressor,  with  a  consequent  drop 
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in  the  refrigerating  capacity  of  the  compressor.  This  is  a 
condition  that  may  be  readily  determined  and  as  well  con- 
trolled in  a  given  case. 

There  is,  however,  an  unaccountable  loss  in  refrigerating 
capacity  in  practice  over  the  theoretical  value,  generally  ac- 
cepted to  be  about  25  per  cent.,  which  is  generally  attributed 
to  the  superheating  eflFect  of  the  hot  walls  of  the  cylinder. 

It  would  seem  from  this  that  an  eflBcient  cylinder  cooling 
arrangement  would  have  the  double  effect  of  keeping  down 
the  maximum  temperature  of  compression,  and  assisting 
materially  in  augmenting  the  effective  refrigerating  capacity 
of  the  compressor. 


CHAPTER  XX. 

WET    AND    DRY   COMPRESSION. 

Considerable  energy  has  been  expended  in  discussion  of 
the  relative  merits  of  wet  and  dry  compression,  and  the  end 
is  not  yet.  The  arguments  presented  are  generally  interest- 
ing and  instructive,  though  not  conclusive,  because  there  is 
generally  something  left  out. 

The  fact  remains  that  there  are  advocates  of  wet  com- 
pression who  practice  what  they  preach,  even  to  the  extent  of 
doing  away  with  other  methods  of  cylinder  cooling  entirely. 
They  have  been  doing  so  foi:  years,  evidently  to  the  satisfac- 
tion of  all  concerned. 

Then  again  it  is  not  certain  that  those  who  advocate  dry 
compression  adhere  to  this  method  exclusively.  The  usual 
water  jacket  may  be  in  use,  and  in  addition  some  unevaporated 
vapor  may  be  drawn  into  the  cylinder  to  assist. in  the  cooling, 
so  that  the  saturated  condition  prevails  for  at  least  a  part  of 
the  period  of  compression. 

The  term  wet  compression  is  applied,  strictly  speaking,  to 
compression  with  the  medium  in  the  saturated  or  humid  con- 
dition throughout  the  entire  compression  period.  In  other 
words,  it  applies  to  the  compression  of  a  vapor. 

Dry  compression,  on  the  contrary,  would  apply  to  the  com- 
pression of  a  gas. 

It  is  evident  that  between  these  two  extremes  there  is  no 
limit  to  the  number  of  degrees  of  humidity  that  may  prevail. 

There  is  no  doubt  but  what,  with  a  given  pressure,  the  de- 
gree of  humidity  would  have  some  bearing  on  the  temperature 
and  work  of  compression. 

When  a  gas  or  vapor  is  compressed,  the  heat-equivalent  of 
the  mechanical  work  of  compression  tends  to  raise  its  temper- 
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ature  and  pressure.  Consequently  its  pressure  is  more  rapidly 
raised  than  would  be  the  case  if  it  could  be  maintained  at  con- 
stant temperature. 

In  the  compression  of  a  dry  gas,  unless  heat  is  withdrawn 
by  means  of  a  water  jacket,  or  other  cooling  device,  the  adia- 
batic  curve  will  be  traced  on  the  indicator  diagram.  This  is 
the  curve  which  represents  the  compression  or  expansion  of  a 
gas  without  loss  or  gain  of  heat. 

If  it  were  possible  (as  it  is  not)  to  maintain  the  gas  at  the 
same  temperature  throughout  its  compression,  the  isothermal 
curve  would  be  traced  by  the  indicator  pencil.  This  is  the 
curve  representing  the  expansion  or  compression  of  a  gas  at 
constant  temperature. 

The  area  between  these  curves  on  a  diagram  represents  the 
heat  equivalent  of  the  mechanical  work  done  in  compressing 
the  gas.  Therefore,  the  more  nearly  the  actual  compression 
curve  follows  the  isothermal,  the  more  economical  will  be  the 
operation  of  the  machine. 

In  the  humid-gas  machines,  the  ammonia  is  carried  back 
to  the  compressor  in  a  saturated  condition  and  the  heat  of 
compression  is  taken  care  of  by  the  unexpanded  ammonia, 
which,  in  the  form  of  fog  or  vapor,  entered  the  compressor  on 
the  suction  stroke. 

The  diagrams,  Figs.  81  and  82,  are  intended  to  show 
graphically  the  comparative  efficiency  of  this  method  of 
cylinder  cooling  and  the  water-jacket  system  employed  in  dry- 
gas  machines. 

The  initial  volume  and  pressure,  and  the  terminal  pressure 
are  the  same  in  each  case.  In  the  compression  of  the  dry  gas, 
the  compression  curve  necessarily  follows  for  a  considerable 
distance  the  adiabatic  line.  This  for  the  reason  that  the  gas 
coming  into  the  cylinder  from  the  expansion  coils  is  at  a  tem- 
perature of — 5°  Fahr.,  and  no  heat  can  be  transmitted  from 
it  to  the  cooling  water  in  the  water  jacket  until  the  tempera- 
ture of  the  gas  has  been  raised  above  that  of  the  water,  which 
is  probably  60°  to  70*^  Fahr.  The  compression  curve  then 
leaves  the  adiabatic  and  during  the  last  part  of  the  stroke. 
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before  the  discharge  valve  opens,  approaches  the  isothermal 
line. 

In  the  compression  of  saturated  vapor,  the  unexpanded 
ammonia  begins  immediately  to  absorb  the  heat  of  compres- 
sion, the  compression  curve  at  once  leaves  the  adiabatic  and 
approaches  the  isothermal  line,  making  a  diagram  that  is 
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much  smaller  in  area  and  which,  therefore,  represents  work 
requiring  less  power. 

The  eflBciency  ratio  of  any  cylinder-cooling  device  is  found 
by  dividing  the  area  between  the  actual  compression  curve 
and  the  adiabatic  curve,  by  the  total  area  between  the  adia- 
batic and  isothermal  curves. 

In  the  diagram  referred  to,  this  efficiency  is  54  per  cent,  for 
the  humid  gas  compressor  and  6f  per  cent,  for  the  dry-gas 
machine. 
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Assuming  that  the  diagrams  shown  are  from  eighteen  by 
thirty  inch  double-acting  compressors,  running  at  fifty  revo- 
lutions per  minute,  the  eflFective  horse-power  required  for  the 

Fig.  82. 
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compression  of  the  saturated  vapor  would  be  102.1  horse- 
power, as  against  113.7  horse-power  for  the  dry-gas  machine, 
a  gain  of  10.2  per  cent,  in  favor  of  the  humid  system  of 
operation. 


CHAPTER  XXI. 

.     AMMONIA   CYLINDER   CARDS. 

As  an  illustration  of  a  practical  and  thorough  method  of 
examining  and  studying  indicator  diagrams  obtained  from 
cylinders  of  ammonia  compressors,  the  description  given  be- 
low may  be  accepted  as  an  exemplary  type,*  although  in  this 
particular  case  the  card  was  taken  from  a  double-acting  ver- 
tical compressor,  operating  with  oil  injection. 

In  examining  this  card,  hold  it  in  an  upright  position  and 
remember  that  the  action  is  directly  opposite  to  that  of  a  steam 
card. 

"  0  "  is  the  beginning  of  the  compression  or  up  stroke  of 
the  piston. 

"G"  the  compression  line  as  the  piston  ascends  in  the 
cylinder. 

**  A  "  is  the  point  at  which  the  discharge  valve  was  opened. 

"  Y  "  gives  the  point  at  which  to  establish  the  amount  of 
compression  pressure  or  the  pressure  held  in  the  discharge 
chamber  over  the  valves.  In  this  card  it  is  175  pounds  per 
square  inch. 

"  A  "  to  "  Z  "  is  the  unbalanced  pressure  per  square  inch. 
In  this  card  it  is  eight  pounds.  This  is  required  to  lift  the 
valve  from  its  seat  caused  by  the  area  of  the  top  of  the  valve 
being  larger  than  the  area  on  the  piston  side. 

"  S  "  shows  the  reaction  of  the  indicator  spring  caused  by 
the  sudden  release  of  the  discharge  valves.  In  fact  the  condi- 
tion of  the  card  from  "  A  "  to  '^  B  "  is  caused  by  the  jumping 
of  the  indicator  piston  spring. 

**  C  "  is  the  line  of  discharge  showing  what  pressure  is 
maintained  in  the  discharge  chamber  when  the  valves  are 
open. 

♦  Francis  H.  Boyer,  A.  S.  M.  E. 
(168) 
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**  C  "  to  "  Y  "  shows  the  gradual  reducing  of  the  pressure, 
«nd  is  caused  by  the  reducing  of  the  speed  of  the  piston  in 
passing  the  end  of  the  stroke  and  lessening  of  the  speed  at 
which  the  gas  is  being  expelled  from  the  compressor. 


Fig.  83. 


'"^.Ai  ' 
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'*  Y."  At  this  point  the  stroke  is  complete  and  the  piston 
^starts  to  recede  or  to  take  in  the  charge  from  the  suction  side. 

**  E."  The  piston  has  traveled  from  "  Y  "  to  "  T,"  equaling 
7 J  per  cent,  of  entire  length  of  the  stroke,  before  the  pressure 
above  the  piston  is  reduced  to  the  pressure  of  the  incoming 
gas.     This  is  called  clearance  space,  or  the  space  between  the 
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top  of  the  piston  and  the  cylinder  head,  which  includes  open- 
ings  for  discharge  valves,  etc.  While  this  space  is  undoubt- 
edly filled  with  oil,  this  oil  is  forced  full  of  gas  by  its  being 
brought  under  the  intense  pressure  of  175  lbs.  to  the  squaro 
inch. 

"  M  "  is  the  atmospheric  line. 

"  P  "  is  the  return  or  suction  pressure  at  which  the  gas  is 
admitted  to  the  cylinders,  in  this  case  8  lbs.  per  square  inch 
above  the  atmosphere. 

"  0  ''  is  the  completion  of  the  suction  stroke.  The  raising 
of  the  pressure  on  the  down  stroke  from  "  V  "  to  "  O  *'  indi- 
cates that  the  valve  opening  into  the  cylinder  is  not  of  suffi- 
cient size  to  admit  of  the  free  entering  of  the  gas. 

This  condition  is  shown  on  the  discharge  also  from  "  C  "  to 
^l  Y  "  The  pressure  in  the  discharge  chamber  is  without  doubt 
about  164  lbs.  per  square  inch,  as  shown  from  the  atmospheric 
line  to  a  point  at  "  Y."  It  is  more  than  probable  that  the 
compressor  was  run  above  its  normal  speed,  as  there  is  a 
marked  uniformity  in  these  two  defects. 

On  the  down  stroke  the  conditions  of  the  discharge  card  are 
the  same,  with  few  exceptions,  the  most  prominent  of  which  is 
the  large  space  which  the  piston  must  travel  before  the  suction 
valve  opens,  or  at  the  point  "  L,"  traveling  from  "  J,'*  or  the 
distance  **  U,"  which  equals  21  per  cent,  of  the  cylinder  area 
of  the  stroke. 

We  have  the  following  conditions  : 

7J  per  cent,  loss  on  top  stroke. 

21  per  cent,  loss  on  bottom  stroke. 

29 J  per  cent,  loss  on  each  revolution  by  gas  and  oil  remain- 
ing in  the  compressors. 

The  cause  of  nearly  three  times  as  much  loss  on  the  down 
stroke  of  the  compressor  is  the  increased  amount  of  clearance 
on  this  stroke  which  is  necessary  to  accommodate  the  wear  of 
the  journal  and  rod  brasses,  which  allows  the  piston  to  come 
lower  down  in  the  cylinder  and  decreases  the  clearance  on  the 
bottom  in  proportion  to  the  increase  of  clearance  on  the  top. 

The  absence  on  the  down  stroke  of  the  jumping  of  the  indi- 
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cator  at  the  opening  of  the  discharge  valve  at  "  H,"  as  shown 
on  the  up  card  from  "  A  "  to  *'  B/'  is  due  to  the  fact  that  the^ 
bottom  of  the  cylinder  is  filled  with  oil  and  the  indicator  pipe 
is  also  filled  and  the  thrusts  from  other  valves'  opening  is  taken 
up  on  the  elasticity  of  the  oil  in  indicator  tube.  The  clearance 
of  the  piston  on  the  top  stroke  id  about  -^^  of  an  inch  and  the- 
bottom  I  of  an  inch. 


CHAPTER  XXII. 

ENTROPY-TEMPERATURE   DIAGRAM. 

Amongst  the  much  good  and  more  not  so  good  material 
available  that  must  be  rejected  per  force  of  circumstances  in 
the  preparation  of  a  volume  of  this  kind  is  included  much  of 
interest  and  merit  along  the  line  of  the  thermodynamic 
features. 

In  the  present  instance  we  are  going  to  admit  that  space 
will  not  permit  doing  justice  to  this  important  feature.  We 
will  accordingly  leave  considerable  to  the  various  treatises  on 
thermodynamics,  confining  ourselves  to  such  occasional  refer- 
ences to  the  principles  as  are  interspersed  in  the  various 
problems  presented  in  the  midst  of  the  text  and  to  the  con- 
sideration of  the  special  topic  given  at  the  head  of  the  chapter. 

The  general  utility  of  the  entropy-temperature  diagram  for 
representing  thermodynamic  conditions  has  received  some 
recognition  in  connection  with  problems  on  refrigeration. 
It  is  the  intention  to  present  herewith  an  illustration  of  the 
appliciation  of  this  diagram  to  the  compression  system  gen- 
erally, with  a  problem  worked  out  as  applied  to  the  ammonia 
compression  system.  The  method  followed  corresponds  to 
that  shown  in  Reeve's  "Thermodynamics." 

DEFINITION    OP    ENTROPY. 

A  number  of  different  definitions  have  been  given  by  differ- 
ent authorities  for  entropy,  or  heat-weight,  as  it  is  sometimes 
called,  none  of  which  give  a  very  good  conception  of  the  term. 

Reeve  gives  it  as  follows :  '*  Entropy  is  that  quality  of  a 
body  which  increases  when  heiit  is  added  to  the  body,  which 
decreases  only  when  heat  is  abstracted,  and,  consequently, 
remains  constant  only  when  heat  is  neither  added  or  ab- 
stracted.'' 

(172) 
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FUNDAMENTAL   EQUATION    AND   NUMERICAL   VALUE. 

The  fundamental  equation  for  entropy  is  a  differential 
equation  as  follows : 

dN=f,  (1) 

in  which  N  =  entropy,  Q  =  quantity  of  heat  contained  in  the 
body,  and  T  =  the  absolute  temperature. 

As  it  is  not  possible  to  determine  exactly  the  value  for  Q, 
the  quantity  of  heat  contained  in  a  body,  it  is  not  possible  to 
obtain  an  absolutely  correct  value  for  entropy.  It  is,  how- 
ever, possible  to  determine  values  suitable  for  use  in  calcula- 
tions from  an  arbitrary  basis.  In  the  case  of  calculations  on 
steam,  the  calculations  on  quantity  of  heat  and  entropy  are 
generally  determined  with  reference  to  the  freezing-point  of 
water,  32*^  F.  or  0°  C.  In  the  case  of  ammonia,  as  involved 
in  problems  on  refrigeration,  the  same  point  is  sometimes 
taken  as  a  basis,  though  more  generally  the  zero  of  the 
Fahrenheit  scale  seems  to  be  used.  This  is  the  point  that 
will  be  used  as  a  basis  in  the  problems  that  are  to  be  worked 
out  herewith.  In  other  words,  at  temperature  t^  =  0*^  F., 
or  T^  =  460.70  F.,  Q  =  0  and  N  =  0. 

For  other  temperatures : 

dN  =  7p- 

ENTROPY-TEMPERATURE  DIAGRAM. 

The  entropy-temperature  diagram  is  generally  plotted  with 
entropy  (=  N)  as  abscissae,  and  with  temperature  (absolute 
temperature  =  T)  as  ordinates.  A  series  of  such  curves  for 
entropy  and  temperature  is  shown  in  Figure  84. 

ENTROPY-TEMPERATURE    CURVES    FOR   AMMONIA. 

In  Figure  84  are  shown  in  a  general  way  the  curves  that 
apply  to  the  conditions  prevailing  in  the  case  of  ammonia 
used  in  the  compression  system,  which  also  includes  curves 
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representing  conditions  at  lower  temperatures  than  prevail 
under  operating  conditions. 

The  explanation  of  these  curves  will  now  be  considered. 

Curve  A  B  represents  the  liquid  condition.  In  this  case 
the  change  in  heat  within  the  body,  corresponding  with 
»change  in  temperature,  depends  upon  the  range  in  tempera- 
Ature  and  the  specific  heat  of  the  liquid.     This  curve  is  known 

Fio.  84. 


^s  the  curve  of  heating  and  cooling,  or  the  isomorphic  curve. 
The  formula  for  this  curve  is  as  follows  : 


N  — N,  =Sloge  ^  . 


(2) 


in  which  N  =  entropy  at  absolute  temp.  T,  Ni  =  entropy 
at  absolute  temp.  Ti,  and  S  =  specific  heat  of  the  liquid. 

Curve  A  I  represents  the  condition  of  change  of  state,  from 
liquid  to  solid,  in  which  latent  heat  is  given  up  at  constant 
temperature.  This  curve  is  known  as  the  curve  of  constant 
temperature,  or  isothermal,  and  is  represented  by  the  formula : 


N  -  Nj  =  , 


Q 


(3) 
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Curve  I  K  represents  the  solid  condition  of  the  medium. 
As  in  the  case  of  curve  A  B,  the  condition  in  regard  to  heat 
depends  upon  the  value  for  specific  heat,  in  this  case  of  the 
solid,  and  the  same  formula  applies  so  long  as  the  specific  heat 
remains  constant.  As  the  value  for  specific  heat  is  not  known 
for  the  lower  temperatures,  the  location  of  this  curve  is  inde- 
terminate. 

Curves  A  I  and  I  K  are  beyond  the  range  of  operations  in 
the  ordinary  refrigerating  processes.  The  curves  shown  to  the 
right  of  A  in  Figure  84  are  within  the  range  of  operations, 
and  are  of  immediate  concern. 

Curve  A  B  has  already  been  mentioned,  the  formula  for  the 
same  being 

N  -  N.  =  S  log.  ^. 

Curve  B  C  represents  the  condition  of  absorption  of  latent 
heat  of  vaporization.  As  this  takes  place  at  constant  tempera- 
tures, with  constant  pressure,  the  curve  is  another  isothermal, 
represented  by  the  formula — 

N-N.=-?-.  (3) 

Curve  C  D  represents  the  condition  of  superheat,  in  which 
•condition  the  ammonia  is  considered  to  have  reached  the  state 
of  a  gas,  as  distinguished  from  a  vapor,  and  accordingly  the 
thermodynamic  condition  is  governed  by  the  laws  for  perfect 


As  such  changes  in  the  thermodynamic  condition  do  not 
involve  a  change  in  the  physical  state,  the  formula  for  the 
curve  representing  the  condition  of  C  D  is  the  isomorphic 
curve  as  for  A  B,  differing  from  the  same  numerically  in 
that  the  value  used  for  specific  heat  is  that  for  the  gas  at  con- 
stant pressure : 

N-N,=Slog.,-^-. 
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•  Curve  S  Si  is  made  up  of  a  series  of  points  similar  to  C,  rep- 
resenting the  condition  of  complete  vaporization  of  liquid  at 
which  superheat  begins. 

As  the  point  C  is  considered  to  have  been  reached  along  the 
path  ABC,  the  thermodynamic  condition  at  C  is  reached 
through  the  laws  applying  to  the  elements  of  this  path,  A  B 
and  B  C.  In  a  similar  way  the  condition  corresponding  to 
any  other  point  along  S  Si  may  be  determined. 

Curve  G  H  represents  the  curve  of  constant  heat  or  wire 
drawing,  in  which  the  medium  drops  in  temperature,  or  the 
heat  falls  without  performing  mechanical  work.  This  curve 
is  represented  algebraically  by  the  formula — 

Curve  M  W  represents  the  condition  of  adiabatic  compres- 
sion or  expansion  for  the  saturated  condition  of  the  medium, 
or  condition  of  vapor  as  distinguished  from  a  gas.  The  curve 
for  this  condition  is  a  vertical  line,  represented  by  the  formula — 

N  ^  a  constant.     (5) 

Curve  D  K  also  represents  a  condition  of  adiabatic  change, 
compression  or  expansion,  applying,  however,  to  the  condition 
of  superheat  or  a  gas.  This  curve  is  likewise  represented  by 
the  same  formula — 

N  ^  a  constant.     (5) 

HEAT   VALUES. 

The  area  underneath  any  of  the  curves  mentioned  in  the 
previous  discussion  represents  the  heat  value  for  the  heat 
entering  or  leaving  the  medium.  These  heat  values  are  de- 
termined *as  follows  : 

For  the  general  case  we  have  the  following  formula : 

dQ  =  TdN.  (I) 
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For  curve  A  B,  representing  the  heat  of  the  liquid,  we  have 

Q  =  l_l,  =S(T-TO,  (II) 

in  which  S  =  specific  heat  of  the  liquid.     Values  for  I  and  li 
are  obtained  from  ammonia  tables. 

Curve  B  C  represents  the  condition  of  vaporization  at  con- 
stant temperature.  The  heat  for  total  vaporization  at  C  is 
represented  by  L,  the  value  for  which  is  obtained  from  the 
tables.  Any  point  between  B  and  C  represents  condition  of 
incomplete  vaporization,  the  value  for  which  in  per  cent,  is 
called  the  degree  of  wetness.     If  for  point  W  we  have  K  = 

.  .     >.        K    _  100—  K, 
degree  of  wetness  m  per  cent,  and  d  ^  1  —  |-^^  —   — r^.^  — 

then  we  have  the  formula  for  B  C. 

Q  =  L  X  d.  (Ill) 

It  will  be  noted  that 

^       BW 
^=  BC* 

Curve  C  D  represents  condition  of  heating  a  gas,  or  super- 
heat, at  constant  pressure.  The  formulae  that  apply  to  this 
case  are  similar  to  those  for  curve  A  B,  with  the  value  for 
specific  heat  of  ammonia  gas  at  constant  pressure  used  instead 
of  specific  heat  of  the  liquid. 

Accordingly,  formula  (II)  should  be  used  for  determining 
the  heat  value. 

Curve  S  S,  representing  the  locus  of  the  points  for  the  end 
of  vaporization  and  the  beginning  of  superheat,  is  determined 
from  a  combination  of  formulae  (II)  and  (III),  because  the 
total  heat  at  this  point  is  made  up  of  the  heat  of  the  liquid 
and  heat  of  vaporization,  or  H  ^  1  +  L. 

Curve  G  H  represents  the  condition  of  constant  heat  or  wire 
drawing.     Accordingly  we  have   Hh  =  Hq  =  1^.      The   heat 
underneath  G  H  is  represented  by  the  equation — 
12 
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Q  =  S(l^-T, )  -ST  log.  ^T         (IV) 

in  which  S  =  specific  heat  of  liquid. 

For  the  adiabatics  W  M  and  D  K,  being  vertical  lines,  and 
corresponding  also  to  the  definition,  we  have — 

Q  =  0.      (V) 

For  change  along  the  adiabatic  W  M  we  need  to  determine 
the  value  for  heat  of  vaporization  for  the  new  level,  as  for  in- 
stance B'  W^ 

We  have  the  following : 


N. 

= 

Nw^ 

N,. 

= 

N..W 

+  N,^ 

Xd 

= 

^^  ITWl 

+  N,,. 

Nw. 

= 

N„.. 

+  N,,, 

N.w, 

= 

N,,- 

-  N,,,. 

= 

Nw- 

-  N„„. 

Lw. 

= 

N,.. 

XT^i 

=r 

(Nw 

-  N„,,)Tw. 

Qbiwi 

= 

L„  = 

=  (N.  - 

-  N.,,,)T, 

For  change  along  the  adiabatic  D  K  we  use  these  formulae  : 

N„  =  N„. 
N„.  -  N„  =  S  log,  Iv 

^  CI 

S  =  specific  heat  of  gas  at  constant  pressure. 

DIAGRAM    FOR   CYCLE    OF   OPERATIONS. 

Each  complete  cycle  of  operations  may  be  represented  by  a 
closed  diagram.  Variations  in  the  conditions  of*  operation 
would  call  for  a  change  of  shape  and  dimensions  of  the  dia- 
gram, especially  in  case  the  diagram  should  happen  to  be 
drawn  to  scale.  As  a  general  rule  the  diagram  is  simply 
drawn  up  to  illustrate  in  a  general  way  the  character  of  the 
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enclosing  lines,  the  feature  of  exactness  and  accuracy  being 
left  to  the  mathematical  part  of  the  problem.  In  this  way  the 
diagram  in  Figure  85  is  drawn  up  to  represent  a  possible  set 
of  conditions,  and  one  that  is  in  common  use  in  practice. 
This  diagram  is  the  figure  G  H  S  K  D  C  B. 

The  characteristics  of  the  lines  enclosing  this  diagram  have 
all  been  developed  above.     In  fact,  most  of  the  lines  will  be 

Fig.  85. 


/ 

A. 


V 


o  '       s  Ad  »K        c~s~r~ 

ENTKOPY-TJSMl'EKATUUis:   DlAUKAM  bOii  COMFliKrE  CYCliJi. 

recognized  from  Figure  84  by  the  lettering  which  is  made  to 
correspond  in  Figure  85.  This  applies  for  all  from  H  through 
G,  B  and  C  to  D.  The  remaining  curves  are  described  as 
follows : 

Curve  H  S  is  a  curve  of  vaporization,  similar  to  B  C. 

Curve  S  K  is  a  curve  of  superheating  at  constant  pressure, 
similar  to  C  D. 

Curve  K  D  is  an  adiabatic,  a  straight  plumb  line.  This,  of 
course,  represents*  the  condition   of  change  in   temperature 
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without  heat  being  added  to  or  taken  from  the  body.  Al- 
though this  is  an  ideal  condition,  not  to  be  attained,  it  is 
nevertheless  proper  to  use  this  as  a  basis  for  the  thermody* 
namic  consideration  of  the  subject. 

DESCRIPTION   OF   A    CYCLE. 

It  will  now  be  in  order  to  follow  around  the  diagram  for 
the  cycle  of  operations  in  the  order  in  which  they  occur.  In 
doing  this  it  will  be  convenient  to  begin  with  the  refrigerant 
in  the  liquid  condition.  This  liquid  might  be  taken  from  the 
condenser  at  the  temperature  of  condensation,  corresponding 
to  the  pressure  in  the  condenser,  or  it  might  be  taken  from 
the  liquid  receiver  at  a  somewhat  lower  temperature.  Incase 
of  liquid  fore-cooling  the  temperature  might  be  considerably 
lower  than  that  in  the  condenser.  We  will  assume  the  begin- 
ning of  operations  to  be  at  the  expansion  valve,  with  liquid 
taken  from  the  receiver  or  fore-cooler  at  a  temperature  lower 
than  that  in  the  condenser.  This  condition  corresponds  to  the 
point  G.  Through  the  expansion  valve  there  is  wire  drawing 
down  to  the  temperature  and  pressure  of  the  refrigerator  along 
G  H. 

Vaporization  in  the  refrigerator  or  expansion  coils  follows 
along  H  S. 

Superheating  occurs  in  the  piping  from  the  refrigerator  to 
the  interior  of  the  compressor  along  S  K. 

Compression  occurs,  assumecj  in  this  case  to  be  without  loss 
or  gain  6f  heat  through  the  walls  and  piston,  that  is  adiabatic, 
along  K  D,  until  the  pressure  reached  corresponds  to  that  in 
the  condenser. 

Then  follows  the  removal  of  the  heat  of  superheat,  either  in 
a  fore-cooler  or  the  condenser,  along  D  C. 

Condensation  occurs  in  the  condenser  at  constant  tempera- 
ture along  C  B.  From  the  condenser  the  liquid  passes  to  the 
liquid  receiver  or  fore-cooler,  in  which  there  is  a  drop  in  tem- 
perature along  B  G. 

This  brings  the  refrigerant  back  to  the  initial  point  taken 
for  the  cycle,  ready  to  pass  through  a  repetition  of  the  same. 
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COEFFICIENT   OF   PERFORMANCE. 

The  efficiency  of  performance  may  be  considered  from  a 
thermodynamic  standpoint  as  the  relation  between  the  heat 
taken  in  along  the  lower  level,  or  Qa,  and  that  delivered  at 
the  higher  level,  or  Q^,  which  latter  includes  the  work  done 
on  the  refrigerant  by  the  compressor,  or  Qw  ;  or  it  may  bo  con- 
sidered from  a  practical  standpoint  as  the  relation  between  the 
useful  refrigerating  effect,  Qu,  and  the  work  done,  or  Qw.  This 
latter,  which  is  the  feature  really  wanted,  is  known  as  the  co- 
efficient of  efficiency  or  performance.  This  is  expressed  by  the 
formula 

The  diagrammatic  representation  of  these  various  heat 
values  is  as  follows : 

Q,  =  the  heat  entering  on  the  low  temperature,  low  pres- 
sure side,  from  G  to  K,  represented  by  the  area  be- 
low G  H  S  K  or  g  G  H  S  K  d. 

Qj  =  the  heat  rejected  on  the  high  temperature,  high  pres- 
sure side,  from  G  to  D,  represented  by  the  area  below 
GBCDorgGBCDd. 

<^^  =  the  heat  equivalent  of  the  work  done  by  the  com- 
pressor represented  by  the  area  GHSKDCBor 

=  Qi  — Q2. 
•Q,  =^  the  heat  equivalent  of  the  useful  refrigeration,  repre- 
sented by  the  area  below  H  S  or  h  H  S  s. 

C  =  Q, h  HSs 

•       Q,  ~  G  H  S  K  D  C  B 

These  various  heat  values  are  determined  as  follows : 

Heat  entering  =  Qj=gGHSKd. 
gGHSKd=gGHh  +  hHSs  +  8SKd. 

gGHh  =  S(To-T„)-ToSlog.  ?°. 

h  H  S  s  =  L.  -  (lo  —  1„)  =  L.  +  1„  -  I. 

=  H.-1„. 
«  S  K  d  =  S  (T.  —  Tk). 
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Heat  rejected  =  Q,  =gGBCDd. 
gGBCDd  =  gGBb  +  bBCc  +  cCDd. 

g  G  B  b  =  1,  -  1„. 

b  B  C  c  =  Lc. 

c  C  D  d  =  S  (T„  —  To). 

Work  of  compressor : 

Q.  =  Q:  —  Q.. 
Useful  refrigeration : 

Q.  =  h  H  Ss  =  H.  —  !„. 
Coefficient  of  performance  or  coefficient  of  efficiency : 

CONDITION   OF   SATURATION. 

In  case  of  wet  compression,  without  superheating  either  at 
low  pressure  in  the  expansion  coils  or  at  high  pressure  in  the 
compressor  and  condenser,  the  expansion  is  limited  to  a  point 
between  H  and  S,  as  M.  With  adiabatic  compression  the 
maximum  temperature  would  be  reached,  say,  at  W,  on  the 
line  C  B  and  between  the  points  B  and  C. 

The  diagrammatic  representations  of  the  various  heat 
values  are  as  follows  : 

Q2  =  g  G  H  M  w. 
Q^=gGBW  w. 

Qu  =  h  H  M  w. 
Qa  =  g  G  H  M  w. 

=  gGHh  +  hHMw. 

g  G  H  h  =  as  previously  given  above. 
h  HM  w  =  1tm  +  Lm  — lo. 
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Q,  =gGB  W  W. 

=  gGBb  +  bBWw. 

g  G  B  b  =  as  previously  given. 
bBWw  =  I^=. 

=  (Nh  — N,Tw)Tw. 

=  (N,TM  — N.TW  +  Nlm)T,.. 

=  (N.H  — (N„^-N,^))T^. 
^Lu  =  N^™  X  d. 

N„w  —  N,TM  =  S  log.  rf  from  (2)- 

IDEAL  REVERSIBLE  CYCLE. 

It  may  be  of  interest  to  consider  the  case  of  the  ideal  re- 
versible cycle,  known  as  Carnot's  cycle,  as  applied  to  the  pro- 
cess of  refrigeration. 

The  development  of  this  cycle  involves  four  consecutive  pro- 
cesses as  follows : 

Ist — Adiabatic  compression,  corresponding  to  compression 
in  cylinder  of  the  compressor,  accompanied  by  increase  in 
pressure  and  rise  of  temperature. 

2d — Isothermal  compression,  corresponding  to  condensation 
in  the  compressor. 

3d — Adiabatic  expansion,  corresponding  to  expansion  in  an 
expansion  cylinder  (a  feature  for  which  an  expansion  valve  is 
substituted  in  practice). 

4th — Isothermal  expansion,  corresponding  to  expansion  in 
the  expansion  coils  of  the  refrigerator. 

The  cycle  for  the  steam  engine  would  differ  in  that  the  iso- 
thermal condensation  would  take  place  at  the  lower  tempera- 
ture and  the  isothermal  expansion  at  the  higher  temperature 
(of  boiler),  the  process  being  reversed  to  correspond  to  these 
conditions. 

DIAGRAM  FOR  CARNOT's  CYCLE. 

The  equations  for  the  enclosing  lines  for  the  Carnot  diagram 
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all  represent  straight  lines,  horizontal  for  the  isothermals  and 
vertical  for  the  adiabatics.     These  are  given  herewith. 

1st  and  3d — Adiabatic  compression  and  expansion. 

Q 

m  =  N  =  constant,  representing  a  vertical  line. 

2d  and  4th — Isothermal  compression  and  expansion. 
^  =  T  =  constant,  representing  a  horizontal, line. 

As  applied  in  detail  to  the  diagram  shown  in  Figure  86,  the 
curves  are  represented  as  follows : 


Fio.  86. 


_j! c 
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1st — Adiabatic  compression,  along  D  C. 
-      ==  Nil  =  constant. 

2d — Isothermal  compression,  along  C  B. 
Q 


N 


=  T  =  constant. 


.  Qo        Q.      T, 
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3d — Adiabatic  compressioi),  along  B  A. 

Q 

-^  =  N  =  constant. 

••t  =  t;  =  Nx. 

4th — Isothermal  compression,  along  A  D. 

Q 

M  =  T  =  constant. 

Qj  =  area  below  A  D. 
Q,  =  area  below  C  B. 
Q.  =  Q.  —  Q.. 

Q.  =  Q.. 

Q,  =  area  below  A  D. 

=  Qd  — Q*  =  N,,T,-N,T.  =  T,(N,,-N,). 
Q„  =  N„  XT.. 
Qa  =  N,  X  T,. 
Q,  =  area  below  C  B. 

=  Qc-Q.  =  N,,xT,-NiXT.=T.(N,,-Ni). 
Q,  =N,,  XT,. 
Q,  =  N,  X  T,. 
Q.  =  Q,  -  Q,  =  T.  (Nj,  —  N.)  —  T,  (N.,  -  N,). 

■  =(T,  — T,)(N„-NO. 
Q.  =Q,  =  T.  (N,,  — N,). 

C    =  Q» T.  (N,,— N.)         _     _T,  _ 

•         C  ~  (T;  -  TT)"(N„  -  N.)  -  T,  -  T,- 

The  expression  just  given  for  the  coefficient  of  performance 
represents  the  highest  efficiency  obtainable  for  a  given  range 
of  temperature. 

CALCULATION  FOR  COEFFICIENT  OF  PERFORMANCE. 

A  complete  set  of  calculations  for  an  assumed  set  of  condi- 
tions will  serve  to  illustrate  the  application  of  the  principles 
that  have  been  elaborated. 
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DATA. 

The  minimum  temperature  to  be  maintained  in  the  system 
would  follow  from  the  temperature  to  be  maintained  in  the 
refrigerator,  being  from  15°  to  20°  F.  lower  than  the  latter. 
Accordingly,  with  a  desired  temperature  in  the  refrigerator  of 
18°  to  20°  F.,  we  would  have  for  our  first  value  approxi- 
mately 

tn  =  2°  F. 

Data  corresponding  to  Ih  =  2^  F. 

T„  =  t„  +  460.7  =  462.7  =  T^  =  T^. 

Ph  =  31.84  lbs.  per  sq.  in. 

1^  =  Ig  =  1^   heat  of  liquid  for  T^  =  2  B.  T.  U. 

Lg  =  latent  heat  of  vaporization  =  554.27  B.  T.  U. 

Hg  =  la  +  Ls  =  556.27  B.  T.  U. 

T  462  7 

N„H  =  S  log.  rfr  =  1  X  log.  4gQ^  =  0.004324. 

554.27 
462.7 


Nl8=  ^..^-    =1.198. 


The  condenser  temperature  and  temperature  of  the  liquid 
are  likewise  features  that  are  dependent  upon  existing  condi- 
tions, the  minimum  being  a  few  degrees  higher  than  the  tem- 
•  perature  of  the  condenser  water,  the  difference  being  dependent 
upon  the  style  and  efficiency  of  the  condenser,  and  whether 
or  not  a  liquid  fore-cooler  is  used.  While  in  some  cases  with  a 
good  condenser,  the  difference  may  be  as  low  as  5°  F.;  in  most 
cases,  with  an  atmospheric  condenser,  the  difference  would  be 
more  likely  to  be  near  15°  F.  With  liquid  fore-cooling  this 
difference  may  be  reduced  to  about  3°  F. 

We  will  assume  that  these  latter  conditions  prevail,  and 
that  with  condensing  water  at  75°  F.,  we  have  further  data  for 
our  problem  as  follows : 

ta  =  85°  F. 
t«  =  73°  F. 
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Data  deduced  from 
ti  =  85°  F. : 

T,  =  545.7°  F.  =^  T^  =  Te. 

P,  =  167.88  lbs.  per  sq.  iu. 

1,  =  85  B.  T.  U. 
Lc  =  501.81  B.  T.  U. 

Nth    =  S  log.  m"  =  1   X   log.  -.(,(,  7   =  0.179. 


460.7 


501.81        „^,^, 
N.To  =    545;,^  =  0.9194. 


No  =  0.179  +  0.9194  =  3.0984. 

Data  deduced  from 

t„   =  73°  F. : 


*'o 


T„  =  533.7°  F. 


^O 


L   =  73  B.  T.  U. 


*o 


Po  =  122.5  lbs.  per  sq.  in. 
N„  =  Slog.  J?. 

TEMPERATURE   OP   SUPERHEAT   AT   LOW    PRESSURE. 

In  some  cases  of  actual  tests  the  ammonia  entering  the 
compressor  has  been  found  to  be  superheated  from  14°  to 
37°  F.  The  actual  superheating  due  to  the  interior  walls, 
piston  and  passageways  must  have  been  considerably  in  ex- 
cess of  these  values  given.  We  will  assume  the  total  temper- 
ature of  superheat  to  be  about  40°  F.  Accordingly  t^  =  2  + 
40  =  42^  F. 

The  entropy  N^  is  obtained  from  the  formula  for  the  line 
S  K,  using  S  =  .52  for  the  value  for  specific  heat  of  ammonia 
at  constant  pressure. 

Data  deduced  from 

t^   =  42°  F.  : 

'l\  =  502.7°  F. 

Nk  =  N„H  +  N,,,  +  (N,  -  N«^ 
=  0.004324  +  1.198  +  0.043167 
=  1.2455. 
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.«  ,       502.7 
=  .52  log.  4^2:7 

=  0.043167. 

The  point  of  highest  temperature  is  that  for  superheating  on 
the  high  pressure  side  at  D.  The  value  for  this  temperature 
is  obtained  from  the  formula  for  the  curve  C  D,  using  in  the 
same  the  value  for  entropy  of  D  =  No,  the  value  obtained  for 
K,  for  the  reason  that  N^  =  N^. 

Determination  of  Tj,. 

N„  =  N^  =  1.2455. 
Ne  =  1.0984. 
N„  — N   =  0.1471. 

X„  -  No  =  S  log.  ^"  =  S  log.  T„  —  S  log.  T,. 

10geT„=    -^-'-    +10geTe. 

-^-g-^-^=  0.283. 

log.  Te  =  6.29499. 
log.  T„  =  6.57799. 
T„  =  728°  F. 

DATA    IN    REGARD    TO    SPECIFIC    HEAT    OF    AMMONIA. 

For  specific  heat  of  liquid  use  S  =  1.00.  This  value  is 
somewhat  low,  but  wuU  serve  for  approximate  results. 

Various  values  are  given  for  the  specific  heat  of  liquid, 
ranging  from  1.00  to  1.10,  or  even  higher. 

Specific  heat  of  vapor  at  constant  pressure  S  =  0.52. 

Data  required  occasionally  are  the  following  : 

Specific  heat  of  vapor  at  constant  volume  S  =  0.40. 

Ratio  of  specific  heats :    "  =  -^—-  =  1.30. 
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INITIAL   TEMPERATURE   FOR   HEAT  VALUES   AND   ENTROPY. 

Assume  the  initial  temperature  from  which  heat  and  en- 
tropy are  determined  to  be  t,  =  0°  F.,  .•.  T„  =  460.7°  F. 

SOLUTION   OP   PROBLEM. 

The  essential  points  having  been  determined,  we  will  at- 
tempt to  employ  them  to  the  end  to  obtain  the  final  solution. 

Q,  =gGHh  +  hHS8  +  sSKd 
g  G  H  h  =  S  (T„  -  T„)  -  T„  S  log.  ^». 

=  71  —  76.11  =  —  5.11. 
(Negative  sign  does  not  affect  value,  as  it  indicates  direction, 
only.) 

h  H  S  s  =  Hg  —  1„  =  483.27. 
s  S  K  d  =  S  (Tk  —  Ts)  =  20.8. 

Q»  =  5.11  +  483.27  +  20.8  =  509.61. 

Q»  =  g  G  B  C  D  d. 
gGBb=l^— lo=  12. 
bBCc=  Lc  =  501.81. 
c  C  D  d  =  S  (T„  —  T„)  =  94.796. 
•Q,  =  12  +  501.81  +  94.796. 
=  596.606. 

Q.  =  h  H  S  s  =  H,  —  lo  =  483.27.     ' 
H,  =  556.27. 
lo    =73. 

Q^  =  Q,  _  Q    =  596.606  —  509.61. 
=  86.996. 

C.  =   Q.  =  483.27  _  5  5,^ 
Q„        86.996 

CALCULATION   FOR   CONDITION   OF   SATURATION. 

In  case  of  wet  compression,  without  superheating  either  at 
low  pressure  in  the  expansion  coils  or  at  high  pressure  in  the 
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compressor  and  condenser,  the  expansion  is  limited  to  a  point 
between  H  and  S,  as  M.  With  adiabatic  compression  the 
maximum  temperature  would  be  reached,  say,  at  W,  on  the 
line  C  B  and  between  the  points  B  and  C. 

Let  K  =  degree  of  wetness  at  termination  of  vaporization 
in  per  cent. 

=  20  per  cent. 
K 

^-  ^-  loo- 

100  —  K         ratio  of  actual  vapor  formed  to  maxi- 
100  mum. 

=  .80. 
T«  =  T„  =  462.7. 
L^  =  L  X  d  =  554.27  X  .80  =  443. 

=  N.„  +  N,,,„  =  .00434  +  1.198  X  .80. 

=  .964324. 
N,.  =  N„  =  N.,  +  N,„  =  N.,  +  N,,  =  .1729  +  N„. 
L^  =  Ltm  X  d  =  554.27  X  .80  =  443. 
N,^  =  N^  —  N,^  =  .964324  —  .1729  =  .791424. 
L„  =  N,„  X  T,.  =  .791424  X  545.7. 

=  432.3. 

1      1      9 

'tm  —  'th  —  *• 

Q,  =  g  G  H  M  w. 
Qj  =  g  G  B  AV  w. 

Qw  =  Qt  —  Qr 
<}„  =  h  II  M  w. 

Qj  =gGnMw. 

=  gGHh  +  hHMw. 

g  G  H  h  =  as  previously  given  =  5.11. 
h  H  M  w  =  IxM  +  Lh  —  1„. 
=  2  +  443  —  73. 
=  372. 
Q,  =  5.11  +  372  =  377.11. 
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Q,  =  g  G  B  W  W. 

=  gGBb  +  bBWw. 

g  G  B  b  =  as  previously  given  =12. 
bBWw=  L  W=432.3. 
Q,  =  12  +  432.3. 

=  444.3.. 
Q.  =  h  H  W  w. 
=  372. 

Qw  =  Q,  —  Qj- 

=  444.3  —  377.11. 
=  67.19. 

Q_.__372^_ 

C.     _      Q^    _     g^    jg    -     4.Jrf5. 

CALCULATION  FOR  IDEAL  REVERSIBLE  CYCLE. 

For  the  problem  in  hand  the  value  for  the  maximum  effi- 
ciency would  be  determined  as  follows : 

Ts  corresponds  to  the  temperature  to  be  maintained  in  the 
refrigerator— assumed  to  be  18°  to  20°  F.  At  t,  =  20°  F. 
we  would  have  Tj  =  480.7. 

T,  would  correspond  to  the  highest  temperature,  which 
represents  the  temperature  of  the  surroundings.  This  would 
correspond  closely  to  the  temperature  of  condensing  water. 
This  was  taken  at  70°  F.  Accordingly  we  will  assume  T,  = 
540°  F. 

C  ^       T,       _  _  480J 480.7  _  o  oi 

•      Ti  —  Ta  ~  54a7— 480.7  ~  '  60 "  ~    '     ' 

The  result  just  obtained  for  the  coefficient  of  performance 
represents  the  maximum  value  obtainable  for  the  assumed 
conditions  of  the  problems. 


PART  IL 

PRACTICE  AS  SHOWN  BY  PARTICULAR 
SYSTEMS  AND  APPARATUS. 


The  practical  features  of  refrigeration,  as  exemplified  by  the 
apparatus  in  use  and  on  the  market,  are  the  result  of  years  of 
progressive  development,  involving  extensive  study  and  ex- 
penditure. New  ideas  are  welcomed  and  tried  on  their  merits, 
and  there  is  at  the  same  time  a  conservative  regard  for  the  old 
and  reliable  methods  that  were  the  basis  of  past  successes. 
Consequently  it  is  to  be  expected  that  there  is  in  use  a  large 
variety  of  apparatus  and  devices.  Individual  manufacturers 
indeed  offer  a  considerable  variety  from  which  to  choose,  and 
do  not  confine  themselves  to  any  particular  combination  to 
make  up  a  so-called  system.  For  the  reasons  given  it  is  a 
large  task  to  undertake  to  cover  the  whole  field,  and  in  doing 
so  it  is  hardly  possible  to  do  full  justice  to  any  particular 
system.  Accordingly  in  the  following  pages  it  is  intended  to 
limit  ourselves  to  bringing  out  tie  characteristic  features  of 
the  different  classes  of  apparatus  that  are  in  actual  use,  with- 
out desire  to  favor  the  product  of  any  particular  manufacturer. 
13  (193) 


CHAPTER  I. 

THE  AMMONIA  COMPRESSION  SYSTEM — HUMID  COMPRESSION. 

The  Linde  ice  machine  is  operated  as  a  strictly  humid  or 
wet-compression  machine.  This  machine,  the  invention  of 
Prof.  C.  P.  G.  Linde,  formerly  of  the  University  of  Munich, 
Germany,  has  been  in  active  operation  in  forty-nine  countries 
of  the  globe.  The  machine  brought  out  by  Prof.  Linde  was 
the  first  ammonia  compression  ice  machine  of  practical  value. 

Between  the  years  1875  and  1881  there  were  thirty 
machines  built.  Up  to  1890  possibly  1000  machines  had 
been  built.  During  the  years  that  have  elapsed  since  that 
time,  the  number  has  run  up  into  thousands. 

The  first  machine  in  the  United  States,  a  25-ton  machine, 
was  erected  in  1880,  and  has  been  in  constant  operation  since. 

This  type  of  machine  is  put  on  the  American  market  by 
the  Fred  W.  Wolf  Co.  of  Chicago,  and  the  American  Linde 
Refrigerating  Co.  of  New  York.  The  product  of  the  former 
will  be  considered  in  the  present  instance. 

SOME  OF  THE  PARTS  OF  A  LINDE  PLANT. 

THE  COMPRESSOR. 

The  compressor  is  of  the  horizontal  double-acting  type. 
An  exterior  view  is  shown  in  Fig.  87,  and  a  sectional  view  of 
the  compressor  cylinder' is  shown  in  Fig.  88. 

It  will  be  observed  that  the  piston  and  heads  are  spherical 
and  of  the  same  radius.  The  valve  discs  conform  to  this 
radius,  and  when  the  valves  are  seated  these  discs  are  flush 
with  the  heads.  By  careful  construction  the  space  between 
the  head  and  piston  at  the  end  of  the  stroke  is  reduced  to  one 
thirty-second  of  an  inch  or  less.  There  are  no  pockets  formed 
by  \he  valve  ports.     This  design  and   construction   reduces 
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clearance  losses  to  the  minimum.  The  cylinders  are  made  of 
clear,  hard  iron,  tested  to  1,000  lbs.  hydrostatic  pressure.  The 
finishing  cut  through  the  cylinder  is  made  after  it  is  placed 
in  the  frame,  the  final  cut  on  crosshead  guides  being  taken  at 
the  same  time,  and  on  the  same  boring  bar,  thus  insuring 
.their  correct  alignment.  Proper  openings  are  provided  for  the 
application  of  the  indicator.     • 

As  the  machine  operates  strictly  under  humid  or  wet  com- 
pression, no  water  jackets  or  auxiliary  cooling  devices  are  pro- 

FiQ.  88. 
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vided  for  keeping  the  temperature  of  the  cylinder  walls  and 
piston  within  proper  limits.  This  feature  is  taken  care  of  by 
the  particles  of  liquid  brought  over  into  the  cylinder  with  the 
saturated  vapor. 

The  stuffing-box  is  an  extremely  important  feature  of  the 
compressor,  and  has  received  attention  commensurate  with  its 
importance.  The  result  is  a  highly  developed  article,  which 
has  been  described  in  detail  in  Part  I,  Chapter  XVIII,  and 
shown  in  section  in  Fig.  78. 
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AMMONIA  CONDENSERS. 
THE   ATMOSPHERIC   CONDENSER. 

The  atmospheric  condensers,  Fig.  31,  are  constructed  of 
two-inch  pipe  made  from  specially  selected  skelp. 

The  pipes  are  put  together  with  forged  Bessemer  steel  flanges 
and  semi-steel  return  bends. 

These  flanges  are  tapped  smaller  than  the  pipe  to  which 
they  are  to  be  attached.  While  hot,  and  therefore  expanded, 
they  are  screwed  on  the  pipe.  The  flange,  in  cooling,  con- 
tracts with  enormous  force.  The  recess  at  the  back  of  the 
flange  is  then  flushed  with  solder,  making  the  most  perfect 
joint  known.     These  flanges  are  faced  male  and  female. 

The  flanges  of  the  return  bends  are  similarly  faced  and  cor- 
rugated lead  gaskets  inserted.  The  drawing  up  of  the  four 
bolts  makes  the  quickest,  tightest  and  most  rigid  connection 
possible. 

To  remove  a  length  of  pipe  it  is  only  necessary  to  loosen  the 
four  bolts  at  each  end,  when  a  new  pipe  can  easily  be  put  in 
place  in  a  very  little  time,  the  flanges  being  interchangeable. 
These  flanges  are  joined  with  a  recessed  joint  packed  with 
corrugated  soft  metal  or  rubber  gaskets. 

The  condensers  have  galvanized  water  troughs  with  level- 
ing device,  and  have  perforated  drip  strips  between  the  pipes. 
By  means  of  these  perforations  a  free  circulation  of  air  is  ob- 
tained, resulting  in  an  increased  efficiency  of  the  cooling  water. 

When  the  condenser  consists  of  more  than  one  section,  each 
section  is  provided  with  a  stop-valve  on  both  inlet  and  outlet, 
so  that  any  section  can  be  shut  off*  without  interfering  with 
the  continued  operation  of  the  remaining  sections. 

An  auxiliary  header,  having  stop  valve  on  each  section,  is 
also  provided.  When  connected  with  the  suction  of  the  com- 
pressor, the  ammonia  can  be  pumped  out  of  any  section 
through  this  header,  without  interfering  for  a  moment  with 
the  operation  of  the  remaining  sections. 

These  condensers  are  tested  to  500  lbs.  air  pressure  before 
leaving  the  shops  and  are  guaranteed  tight. 
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DOUBLE   PIPE    CONDENSER. 

The  construction  of  this  type  of  condenser,  Fig.  36,  cor- 
responds, so  far  as  is  applicable,  to  that  employed  in  the  con- 
densers of  the  atmospheric  type.  Straight  lengths  of  special 
ammonia  pipe  are  used,  to  which  are  shrunk  and  soldered 
forged-steel  flanges.  These  in  turn  are  bolted  to  the  flanges 
of  the  ammonia  return  bends.  This  permits  the  removal  and 
replacing  of  any  pipe  without  dismantling  the  whole  appa- 
ratus, as  is  the  case  whenever  double-pipe  condensers  are  made 
up  with  center  connections  and  screwed  return  bends. 

These  condensers  are  usually  twelve  pipes  high.  The  two 
upper  pipes  are  2J  inches  in  diameter  and  the  ten  lower  2 
inches.  The  water  pipe  is  1 J  inches  throughout.  The  use  of 
larger  pipes  at  the  top  gives  a  wider  annular  space  between 
the  external  surface  of  the  water  pipe  and  the  internal  surface 
of  the  ammonia  pipe,  providing  the  greater  space  which  is 
required  for  the  gas  when  it  first  comes  into  the  condenser, 
owing  to  its  rarified  condition.  As  soon  as  the  cooling  influ- 
ence of  the  water  becomes  effective  and  the  ammonia  becomes 
denser,  less  space  is  of  course  required. 

By  dispensing  entirely  with  center  connections  there  is 
obtained  a  perfect  counter-current  of  the  ammonia  and  water 
throughout  their  respective  courses  through  the  condenser. 
'The  coldest  water  is,  therefore,  brought  in  contact  with  the 
liquefied  ammonia.  It  is  found  that  the  temperature  corres- 
ponding to  the  pressure  of  the  ammonia  entering  the  top  pipe 
of  the  condenser  is  only  slightly  higher  than  that  of  the  water 
coming  out,  showing  that  the  greatest  possible  efficiency  was 
obtained  from  the  water. 

THE  OIL  TRAP. 

The  oil  trap  is  connected  in  the  discharge  conduit  between 
the  compressor  and  the  condenser,  and  is  for  .the  purpose  of 
holding  any  lubricating  material  that  may  pass  out  from  the 
compressor. 

THE  LIQUID  AMMONIA  RECEIVER. 

The  liquid   ammonia  receiver.  Fig.  58,  is  of  heavy  pat- 
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teru,  provided  with  glass  gauges,  shut-oflF  cocks,  and  with 
inlet  and  outlet  valves  and  draw-oflF  cocks  for  the  ammonia. 
The  receivers  are  made  of  either  wrought  steel  or  semi-steel, 
with  welded  heads  or  with  screwed  and  soldered  heads.  They 
are  tested  to  one  thousand  pounds  per  square  inch.  The 
valves  are  of  the  needle-point  pattern,  and  automatically  close 
in  case  the  gauge  glass  should  become  broken,  thereby  obviat- 
ing the  danger  of  loss  of  ammonia. 

DESCRIPTION   OP   A   PLANT. 

The  Linde  Compressor  is  of  the  double-acting  type,  and  so 
constructed  that  either  end  of  the  cylinder  can  be  attached 
separately  to  any  part  of  the  plant,  whereby  each  works  inde- 
pendently of  the  other,  in  reality  making  two  single-acting 
cylinders. 

The  ammonia  gas  is  drawn  into  the  compressor  through 
the  suction  valve  situated  at  the  upper  part  of  the  cylinder 
head,  compressed,  and  forced  out  through  the  discharge  valves 
situated  at  the  lower  point  of  the  cylinder. 

The  compressed  gas  then  passes  through  the  oil  trap,  where 
any  lubricating  oil  from  the  compressor  which  it  may  contain 
is  deposited,  into  the  condenser.  This  oil  can  be  drawn  from 
the  tap  and  used  again  and  again  to  lubricate  the  stufiing-box 
of  the  piston. 

Between  the  compressor  and  the  oil  trap  is  a  check  valve, 
the  duty  of  which  is  to  prevent  loss  of  gas  in  case  of  accident 
to  the  compressor. 

The  construction  of  the  condenser  is  such  that  the  warm 
compressed  gas  enters  at  the  top  pipe  and  passes  downward 
through  the  successive  pipes  of  the  condenser,  and  by  the 
combined  influence  of  the  pressure  produced  by  the  com- 
pressor, and  the  cooling  influence  of  the  cold  water  running 
over  the  pipes  of  the  condenser,  becomes  liquefied.  The 
liquid  ammonia  is  then  discharged  into  the  liquid  receiver, 
generally  situated  in  the  engine  room,  where  it  is  stored  and 
re-stored  for  further  use. 
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DIRECT   EXPANSION   6YSTEM. 

In  the  direct  expansion  system  the  liquid  ammonia  passes 
directly  from  the  receiver  to  the  cellars,  storage  rooms,  chill 
rooms,  ice-raaking  tank,  or  wherever  else  the  work  of  cooling 
is  to  be  done,  and  there  expands  to  its  original  gaseous  form, 
this  expansion  of  the  liquid  ammonia  performing  the  actual 
work  of  refrigeration. 

The  expanded  gaseous  ammonia  is  then  drawn  back  into 
the  compressor,  and  sent  again  and  again  on  the  same  round 
of  operation  as  before  described. 

In  Fig.  89  is  shown  a  diagram  of  a  direct  expansion  brew-  • 
ing  plant. 

The  pipes  in  the  cellars  or  cooling  rooms  are  divided  into 
coils  of  from  300  to  1,500  feet  in  length,  and  each  coil  is  pro- 
vided with  a  valve  for  regulating  the  flow  of  ammonia  into 
the  coil,  and  also  with  a  valve  for  shutting  oflF  the  return. 
The  return  pipes  from  all  these  coils  in  the  cellars  are  joined 
to  one  main  pipe,  at  the  lowest  point  of  which  is  placed  a 
small  trap  or  receptacle,  the  duty  of  which  is  to  catch  all 
scale,  bits  of  dirt,  etc.,  that  may  pass  through  the  coils,  which, 
if  allowed  to  go  in  the  compressor,  would  injure  the  valves. 

All  the  pipes  in  which  the  ammonia  is  circulated  are 
wrought  iron,  made  especially  for  the  purpose  and  joined  in 
the  most  perfect  and  solid  manner,  thereby  obviating  all 
danger  of  loss  of  ammonia  by  leakage. 

BRINE   SYSTEM. 

In  some  cases  and  for  particular  purposes  the  Brine  System 
(Fig.  90  and  Fig.  4,)  is  used  instead  of  direct  expansion. 
In  this  case,  the  ammonia,  instead  of  evaporating  in  the  cool- 
ing rooms,  evaporates  in  several  sets  or  nests  of  coils  placed  in 
a  large,  well  insulated  iron  or  wood  tank.  These  tanks  are 
filled  with  a  strong  solution  of  salt  which  can  be  cooled  to  the 
desired  temperature.  The  process  of  liquefying  the  ammonia 
and  its  circulation  in  the  evaporating  coil  is  practically  the 
same  as  described  for  the  direct  system. 

The  solution  of  salt  (brine)  is  circulated  by  means  of  a  brass 
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lined  and  brass  fitted  pump  through  a  series  of  pipes  in  the 
rooms  to  be  cooled.  These  pipes  (preferably  1 J  in.  diameter) 
are  arranged  in  coils  of  suitable  lengths,  having  a  valve  at ' 
inlet  and  outlet  so  that  each  coil  may  be  shut  off  entirely. 
These  coils  are  of  such  a  length  as  may  be  required  for  the 
work  to  be  performed,  the  usual  length  being  from  300  to  600 
feet,  and  are  so  arranged  that  the  temperature  of  the  rooms 
may  be  properly  regulated. 

The  brine,  after  having  passed  through  the  proper  number 
of  feet  of  pipe  in  the  cooling  rooms,  returns  to  the  brine  tanks 
in  the  machine  room  again  to  be  cooled.  Fig.  4  shows  two 
diflferent  arrangements  of  piping  for  chilling  rooms.  The 
arrangement  shown  in  the  upper  room  is  preferable  to  the 
other  unless  restricted  by  want  of  space.  In  cold  storage  and* 
freezing  rooms  the  pipes  may  be  arranged  on  the  ceiling  or  on 
the  wall,  whichever  may  be  most  convenient  for  the  purpose 
intended. 

ICE   PLANTS. 

Fig.  91  shows  the  arrangement  of  a  complete  ice  factory  for 
the  production  of  ice  from  distilled  water. 

The  steam  generated  in  the  bpiler  is  first  used  to  drive  the 
steam  engine.  It  then  passes  through  the  exhaust  pipe  to  the 
steam  purifier  and  grease  extractor,  where  any  oil  or  other 
lubricating  material  used  in  the  cylinder  of  the  engine  likely 
to  be  detrimental  to  the  ice  is  removed.  The  steam  then 
passes  into  the  steam  condenser,  which  is  designed  on  the 
same  principle  as  that  of  the  atmospheric  ammonia  condenser, 
in  which  the  steam  is  condensed  and  passes  to  the  skimming 
tank,  where  any  oil  that  may  have  passed  through  the  steam 
purifier  is  entirely  removed.  Other  constructions  of  steam 
condensers  may  be  used  where  desirable,  on  account  of  local 
conditions. 

The  water  resulting  from  the  condensed  steam  passes  down 
to  the  reboiler,  at  the  bottom  of  which  is  placed  a  small  coil. 
This  coil  is  supplied  with  a  small  quantity  of  live  steam  from 
the  boiler,  by  means  of  which  the  w^ater  is  kept  boiling  and 
the  air  contained  in  it  expelled ;  and,  as  the  steam  which 


202  ARTIFICIAL    ICE-MAKING    AND    REFRIGERATION. 

is  used  to  drive  the  engine  may  not  be  quite  sufficient-  to 
make  water  for  the  full  quantity  of  ice,  live  steam  is  intro- 
duced to  the  steam  condenser  to  supply  the  deficiency.  From 
the  reboiler  the  water  passes  through  the  cooling  coil  and 
from  thence  to  the  filters.  These  filters  are  usually  furnished 
in  duplicate,  so  that  one  may  be  shut  off  and  cleaned  out 
while  the  other  is  running.  Sponge  filters  or  bone  charcoal 
filters  are  used  where  the  nature  of  the  water  renders  them 
necessary.  From  the  filter  the  water  passes  to  the  cold  storage 
tank,  containing  a  direct  expansion  coil  connected  with  the 
machine,  where  the  distilled  water  is  cooled  to  almost  freezing 
temperature  and  stored  until  again  used. 

From  the  storage  tank  the  distilled  water  is  filled  into  the 
cans  placed  in  the  freezing  tank  by  means  of  an  automatic 
can  filler.  This  is  so  constructed  as  to  automatically  shut  off 
the  water-supply  when  the  can  is  filled  to  the  proper  height, 
thus  requiring  no  attention,  and  avoiding  the  annoyance  of 
filling  the  can  to  overflowing  with  its  resulting  waste  of  dis- 
tilled water.  This  is  an  important  item  constantly  to  be 
borne  in  mind. 

The  freezing  tank  is  made  of  iron  or  steel,  and  contains 
the  direct  expansion  freezing  coils  equally  distributed  through- 
out the  tank.  These  coils  are  submerged  in  brine,  consisting 
of  a  solution  of  common  salt.  The  tank  is  also  provided  with 
a  suitable  frame  of  hard  wood  for  supporting  the  ice  cans,  and 
a  propellor  or  agitator  for  keeping  the  brine  in  motion.  The 
brine  in  the  tank  acts  as  a  medium  of  contact  only ;  the  am- 
monia evaporating  in  the  freezing  coils  extracting  the  heat 
from  the  brine,  which  -again  absorbs  the  heat  from  the  water 
in  the  cans,  thereby  freezing  it. 

The  compression  and  condensation  of  the  ammonia  takes 
place  in  the  same  manner  as  described  heretofore. 

The  hoisting  apparatus  is  strong  and  easily  movable,  and  so 
constructed  that  a  can  of  ice  can  be  delivered  from  any  part 
of  the  tank  to  the  thawing  apparatus  with  ease  by  one  man. 

The  thawing  apparatus  usually  furnished  consists  of  either 
a  bath  of  warm  water  (from  the  steam  condenser)  into  which 


THE    AMMONIA   COMPRESSION   SYSTEM.  203 

the  cans  are  immersed,  or  an  automatic  sprinkling  and  dump- 
ing apparatus  into  which  the  cans  are  placed,  and,  when 
loosened,  discharged  into  the  storage  rooms. 

The  ice  plants  are  constructed  wjth  a  view  to  rigid  economy 
in  the  use  of  water,  it  being  first  used  ou  the  ammonia  con- 
denser, then  on  the  cooling  coil,  then  on  the  steam  condenser, 
and  finally,  when  quite  warm,  used  to  feed  the  boiler,  thereby 
performing  multiform  work  besides  reducing  the  expense  of 
heating  the  boiler  feed-water. 
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De  La  Vergne  Machine  Co. 


CHAPTER  II. 

THE   AMMONIA   COMPRESSION    SYSTEM    WITH   OIL   INJKCTION. 
DE   LA    VEKGNE    SYSTEM. 

By  oil  injection  is  meant  the  injection  of  oil  in  the  cylinder 
in  comparatively  large  quantities  after  the  cylinder  has  re- 
ceived its  complement  of  gas  or  vapor  and  compression  has 
begun.  The  compression  space  is  literally  flooded  with  oil 
so  as  to  completely  fill  all  clearance  spaces,  and  require  the 
discharge  of  some  of  the  oil  with  the  compressed  gas. 

The  purpose  of  this  oil  injection,  in  addition  to  sealing  the 
clearance  spaces,  is  to  seal  the  piston  and  piston-rod,  eliminat- 
ing leakage  at  these  parts  ;  lubrication  of  the  piston  and  piston- 
rod,  reducing  friction  losses ;  and  absorption  of  heat  of  com- 
pression, avoiding  excessive  temperature  without  water  jacket. 

These  purposes  are  for  the  most  part  realized.  The  effective- 
ness of  the  filling  of  clearance  spaces  is  to  some  extent  nulli- 
fied by  the  fact  that  under  the  high  pressure  considerable 
quantities  of  ammonia  gas  are  absorbed  by  the  oil,  which  gas 
is  released  and  expands  during  the  suction  period,  occupying 
space  in  the  cylinder  to  the  exclusion  of  a  corresponding 
amount  of  suction  vapor  or  gas,  and  thereby  reducing  the 
capacity  of  the  compressor. 

The  liberal  use  of  oil  in  the  manner  described  permits  of  a 
free  adjustment  of  the  moving  parts,  and  a  consequent  increase 
in  life  of  the  same  without  undue  losses  from  friction  or  leak- 
age of  ammonia.  As  the  oil  is  admitted  after  the  suction 
port  has  been  closed  there  is  no  diminution  of  the  capacity  of 
the  compressor  due  to  the  oil  injection. 

The  use  of  oil  injection  is  confined  to  vertical  compressors. 
Machines  are,  however,  made  double-acting. 

Some  complication  is  involved  in  the  compressor  and  in 
special  arrangements  for  separation  of  the  oil  from  the  am- 
monia.    These  features  involve  extra  cost  for  the  preliminary 
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outlay.     Years  of  continuous  service  demonstrate  the  relia- 
bility of  the  apparatus  in  practical  operation. 

The  system  of  oil  injection  was  developed  by  the  De  La 
Vergne  Machine  Co.,  of  New  York,  which  company  also  pro- 
duces horizontal  compressors  and  other  machines  operating 
without  oil  injection.  The  machine  operating  with  oil  injec- 
tion is  known  as  the  Standard  Compressor. 

THE   STANDARD   COMPRESSOR. 

The  Standard  Compressor,  Fig.  76,  is  a  vertical  double- 
acting  machine.  The  arrangement  of  the  valves  is  special  to 
provide  for  the  oil  circulation.  The  valves  are  all  spring 
valves,  closed  by  coil  springs.  The  suction  valves  are  ordi- 
nary in  number,  one  for  each  end,  and  are  located  in  the  suc- 
tion passage  near  the  ends  of  the  cylinder.  The  upper  dis- 
charge valves  are  located  at  the  end  of  the  piston  in  the  loose 
head,  the  head  being  removable.  The  valves  are  of  ample 
area  to  allow  for  the  discharge  of  the  oil  as  well  as  the  gas. 
The  upper  end  of  the  piston  is  essentially  flat.  The  construc- 
tion and  operation  of  the  suction  valves  and  the  upper  dis- 
charge valves  and  the  upper  portion  of  the  cylinder  and  piston, 
although  involving  certain  peculiarities,  may  in  a  general 
sense  be  classed  as  ordinary. 

In  the  lower  portion  of  the  cylinder  the  operations  are  out 
of  the  ordinary,  and  involve  a  special  construction.  See  Fig. 
94.  For  the  discharge  of  gas  alone,  at  least  the  greater  part, 
ordinary  construction  would  suffice.  On  account  of  the  pres- 
ence of  the  oil,  however,  especially  in  quantity  superfluous  for 
simply  sealing  the  clearance  spaces,  outlet  for  this  oil  must 
be  provided.  This  is  accomplished  by  having  two  discharge 
valves,  at  the  lower  portion  of  the  cylinder,  one  above  the 
other.  These  valves  are  located  at  the  side  of  the  cylinder  to 
enable  a  complete  discharge  of  free  gas  to  be  obtained. 

In  the  piston  there  are  orifices  leading  from  directly  below 
over  to  the  side  of  the  piston.  These  orifices,  which  are  ordi- 
narily closed  by  valves,  connect  near  and  at  the  end  of  the 
stroke  from  the  space  below  the  piston  to  the  upper  of  the 
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two  discharge  valves.     By  this  arrangement  it  will  be  seen 
that  there  is  continuous 

connection  between  the  ^^-  ^**- 

cylinder  space  and  the 
discharge  chamber,  in 
spite  of  the  fact  that 
the  piston  obstructs  at 
times,  both  valve  open- 
ings in  its  passage.  Dur- 
ing the  greater  part  of 
the  compression  both 
valves  are  free  to  oper- 
ate. 

During  the  latter  part 
they  are  obstructed, 
though  in  succession. 
While  the  upper  valve 
is  obstructed  by  the 
lower  part  of  the  piston, 
the  lower  one  is  free 
to  operate.  Before  the 
lower  valve  is  ob- 
structed, however,  the 
upper  valve  is  con- 
nected to  the  cylinder 
space  by  means  of  the 
orifice  or  passage  in  the 
piston  that  has  been 
mentioned. 

In  spite  of  the  pres- 
ence of  a  liquid  at  the 
final  discharge,  ma- 
chines of  this  type  are 
adjusted  with  as  small 
a  clearance  as  could 
reasonably  be  desired 
of  any  machine  what- 
soever, and  when  so  adjusted  can  be  run  safely  at  high  speed. 
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THE   FORE-COOLER. 

The  fore-cooler  is  a  necessary  feature  of  the  system  that  has 
been  described.  Its  function  is  by  cooling  to  remove  the  oil, 
or  at  least  the  greater  part  of  the  same,  from  the  ammonia. 
It  is  practically  a  diminutive  condenser,  the  mixture  of  oil 
and  ammonia  gas  or  vapor  being  passed  through  a  pipe  coil 
system  over  which  flows  cooling  w^ater.  The  discharge  from 
the  fore-cooler  passes  to  the  pressure  tank,  where  the  oil  is 
deposited,  the  ammonia  vapor  passing  on  to  the  condenser. 

AMMONIA  CONDENSER. 

While  any  of  the  various  styles  of  condensers  may  be  used^ 
as  the  double-pipe  condenser  or  atmospheric  condenser,  pre- 
ference is  generally  given,  where  the  conditions  warrant  the 
same,  to  the  special  atmospheric  condenser,  known  as  the 
Standard  Condenser,  described  in  Chapter  VIII  and  shown  in 
Fig.  32. 

This  condenser,  with  ordinary  temperatures,  is  built  of  five 
sections. of  18  two-inch  pipes  20  feet  in  length.  Where  ab- 
normally warm  condenser  water  must  be  used  it  is  built  up 
24  pipes  in  height. 

The  condensers  are  all  built  of  special  selected  wrought  iron 
lap-welded  ammonia  pipe,  the  fittings  being  of  the  screwed 
and  soldered  joint  pattern.  They  are  tested  under  hydrostatic 
pressure  of  1000  pounds  per  square  inch. 

EXPANSION  COCK  AND  RADIATING  DISK. 

The  De  La  Vergne  pattern  of  these  parts  has  already  been 
shown,  the  expansion  cock  in  Figs.  50,  51  and  52  and  the 
radiating  disk  in  Fig.  39. 

CYCLE  OF  OPERATIONS  IN  REFRIGERATION. 

In  the  complete  cycle  of  operations  in  a  refrigerating  plant 
the  parts  of  the  system  are  respectively  the  compressor,  the 
fore  cooler,  the  oil  separator,  the  condenser,  the  liquid  am- 
monia storage  tank,  and  the  expansion  coil.  A  source  of 
motive  power  is  of  course  understood  to  be  on  hand.     The 
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mediums  used  are  steam  for  the  motive  power,  water,  am- 
monia and  oil. 

The  water  cools  the  pipes  of  the  fore  cooler  and  the  con- 
denser. The  circuit  of  the  oil  is  from  the  compressor  through 
the  fore  cooler,  the  oil  separator  and  back  to  the  compressor. 
The  cycle  for  the  ammonia  is,  starting  as  a  gas  from  the 
compressor,  through  the  fore  cooler  and  oil  separator  to  the 
condenser,  where  it  is  condensed  to  the  liquid  state,  thence  to 
the  liquid  storage  tank,  from  which  it  is  admitted  to  the  expan- 
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sion  coils  through  the  expansion  cock.     From  the  expansion 
coils  it  returns  to  the  compressor,  thus  completing  the  cycle. 
These  cycles  may  be  followed  by  a  reference  to  the  dia- 
grams Figs.  95,  96,  97  and  98. 


ICE-MAKING. 


In  general  the  can  system  of  ice-making  is  the  one  advo- 
cated.    In  the  production  of  ice  capable  of  fulfilling  the  de- 
mands, a  number  of  details  are  involved  which,  while  tending 
14 
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to  complication,  are  indispensable  to  the  most  economical 
results.  The  process  could  be  simplified  and  ice  produced 
more  cheaply,  but  it  would  not  be  as  clear  or  as  pure  as  by 
the  methods  adopted.  The  methods  of  obtaining  the  best  are 
the  ones  that  will  be  mentioned. 


Fig.  96. 
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In  describing  the  cycle  or  cycles  of  operations  for  an  ice 
plant  as  carried  out  in  practice,  the  steam  part  of  the  plant  is 
brought  prominently  into  the  system,  as  the  condensed  ex- 
haust steam  is  used  to  supply  a  part  of  the  water  from  which 
the  ice  is  made. 
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The  parts  of  the  system  shown  in  diagram,  Fig.  98,  are  the 
boiler  plant,  steam  engine,  compressor,  fore-cooler,  oil  sep- 
arator, condenser,  storage  tank  for  liquid  ammonia,  expansion 
cock,  expansion  coils,  steam  filter,  condensed  water  cooler^ 
reboiler,  filter  or  deodorizer,  cold  water  storage  tank,  and 
freezing  tank. 

The  mediums  used  ^re  steam,  water,  brine,  oil  and  am- 
monia. The  disposition  of  the  parts  and  the  course  of  the 
mediums  that  pertain  to  the  refrigerating  part  of  the  plant 
will  accord  with  the  description  already  given  for  these.  The 
additional  features  will  be  mentioned  here. 

The  brine  is  used  in  the  freezing  tank  as  a  medium  for  the 
transfer  of  the  heat  from  the  expansion  coils  to  the  freezing 
cans.  The  exhaust  steam  travels  from  the  cylinder  through 
a  steam  filter  and  feed-water  heater  to  the  steam  condenser, 
thence  to  the  reboiler,  passing  from  the  reboiler  to  the  filter, 
from  which  it  goes  to  the  cold  water  storage  tank,  ready  to  be 
drawn  off  into  the  cans.  The  office  of  the  reboiler  is  to  drive 
impurities  to  the  top,  and  to  drive  out  the  air.  A  skimmer 
carries  off  the  scum,  and  the  air  passes  out  at  the  top,  the 
cleansed  water  being  drawn  off  at  the  bottom. 

DESCRIPTION  OF  AN  ICE  PLANT. 

The  ammonia  compression  plant  is  essentially  the  same  as 
that  adapted  to  refrigeration  in  general.  This  part  of  the  plant 
occupies  the  first  and  fourth  floors.  The  compressed  gas  rises 
to  the  gas  and  oil  cooler  or  forecooler,  the  oil  is  retained  in 
the  oil  separator  or  pressure  tank,  and  the  gas,  after  being 
liquefied  in  the  condenser,  descends  to  the  first  floor,  where 
the  separating  tank  is  placed,  which  is  intended  to  trap  any 
oil  remaining  in  the  liquid.  The  liquid  is  fed  as  required  from 
this  tank  into  the  coils  of  the  freezing  tank,  from  which  it 
passes  again  in  the  form  of  gas  to  the  compressor. 

To  follow  now  the  water  from  the  well  to  the  loading  plat- 
form, where  it  is  delivered  as  ice,  we  begin  with  the  well-water 
pump  in  the  boiler  house.  See  Fig.  98.  The  water  from  this 
pump  splits  into  two  currents,  one  of  which  rises  to  the  top  of 
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the  building  and  discharges  into  the  water  storage  tank.  This 
water,  &s  shown  by  the  pipes  leading  from  the  tank,  flows  over 
the  gas  and  oil  cooler  and  also  over  the  ammonia  condenser. 
From  the  pans  or  cemented  floor  on  which  these  stand,  it  flows 
to  the  floor  below,  where  it  enters  the  steam  condenser.  After 
traversing  the  condenser  it  passes  through  the  next  floor,  runs 
along  the  ceiling,  and  empties  into  the  vertical  stand-pipe 
{seen  to  the  extreme  left)  connecting  with  the  sewer.  Water 
from  the  water  storage  also  flows  by  a  pipe  (hidden  by  the 
ammonia  condenser)  to  the  condensed  water  cooler,  from  the 
base  of  which  it  passes  through  the  floor,  runs  along  the  ceil- 
ing of  the  first  floor,  and  empties  into  the  sewer  stand-pipe. 

This  disposes  of  one  current  from  the  well-water  pump.  The 
other  passes  through  the  sand  filter  whence  it  rises  to  the  third 
floor  and  passes  through  the  heater.  From  this  heater  it  again 
descends  to  the  feed-water  collector  in  the  boiler-house,  whence 
it  is  drawn  off  by  the  boiler  feed-pump,  and  by  it  sent  into  the 
boilers.  It  leaves  the  boilers  in  the  form  of  live  steam.  The 
pipe  conveying  this  live  steam  has  branches  supplying  the 
engine,  the  well-water  pump,  the  boiler  feed-pump,  and  is 
continued  along  the  ceiling  of  the  first  floor,  rising  to  the  third 
floor,  where  it  is  connected  with  the  reboiler  and  also  with  the 
steam  filter. 

The  purpose  of  its  connection  with  the  reboiler  is  apparent. 
The  connection  with  the  steam  filter  is  utilized  to  automatically 
supply  a  small  quantity  of  live  steam  to  make  up  for  any  de- 
ficiency in  exhaust  steam.  Other  connections  of  the  live  steam 
pipe  to  the  various  apparatus  are  shown,  which  are  used  for 
cleaning  out. 

The  exhaust  steam  from  the  engine,  and  also  from  the  two 
water  pumps,  passes  beneath  the  first  floor  and  rises  through 
the  boiler  room  and  outside  the  main  building  to  the  third 
floor.  Before  it  enters  this  it  has  a  chance  to  escape  through 
the  pressure  relief  valve,  if  for  any  reason  the  various  appara- 
tus through  which  it  passes  should  cause  sufficient  back  pres- 
sure to  impair  the  proper  working  of  the  engine. 

The  exhaust  steam  passes  first  into  the  steam  filter,  thence 
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to  the  heater,  where  it  heats  the  water  which,  as  we  have  already- 
seen,  passes  through  this  same  heater  on  its  way  to  the  boiler. 
From  the  heater  it  passes  to  the  condenser,  thence  to  the  re- 
boiler.  From  this  it  goes  through  the  condensed  water  cooler 
to  the  deodorizer  on  its  way  to  the  cold  storage  tank.  The 
names  of  these  various  pieces  indicate  their  functions,  and 
need  no  description. 

From  the  cold  storage  tank  it  is  fed  by  a  hose  to  any  can 
put  in  a  place  rendered  vacant  by  the  withdrawal  of  a  can 
of  ice.  There  we  must  leave  the  now  thoroughly  purified  and 
distilled  water  in  repose  for  some  sixty  hours.  After  this  in- 
terval of  time,  the  can  is  lifted  by  the  ice  crane,  suspended 
from  the  carriage  of  which  it  is  run  down  the  tank  room  to 
the  sprinkler.  In  the  sprinkler  the  can  is  left  to  take  care  of 
itself.  Here  it  receives  a  shower  bath  of  warm  water  and  when 
loosened  the  ice  drops  out  of  itself  and  glides  into  the  ice  stor- 
age room,  the  sprinkler  in  the  meantime  automatically  put- 
ting itself  into  position  to  receive  another  can,  thereby 
shutting  oflT  the  supply  of  warm  water. 

The  cake  of  transparent  ice  is  allowed  to  remain  in  the  ice 
storage  room  until  the  time  for  the  wagons  to  appear  at  the 
loading  platform  approaches,  when  it  and  as  many  of  its  fel- 
low blocks  as  are  required  are  withdrawn  into  the  ante-room. 
A  block  of  ice  may  pass  straight  through  the  ice  storage  room 
and  the  ante-room  to  the  loading  platform,  or  it  may  remain 
a  week  or  two  in  the  storage.  The  ice  storage  room  is  seen  to 
be  supplied  with  refrigerating  pipes  so  that  if  the  demand  is 
fluctuating  the  blocks  will  be  preserved  intact,  only  so  much 
being  withdrawn  into  the  ante-room  as  is  necessary  for  imme- 
diate use. 

STANDARD   ICE   CANS   OR    MOULDS. 

Weight  of  blocks.  Size  of  Can.  Time  of  Freezing. 

50  lbs 6'^  X  12^'  X  26'^ 20  hours. 

100    **        8'^  X  16^^  X  32'^  .              .   .  36  " 

150    '*        8^' X  16'' X  42^^ 36  " 

200    **       IV^  X  22''  X  32" 60  ** 

300    "                      .      11"  X  22"  X  44" 60  " 

400    *»        ...             11"  X  22"  X  67" 6(»  ** 

The  time  of  freezing  is  with  18°  brine. 


CHAPTER  III. 

THE  AMMONIA  COMPRESSION  SYSTEM. 

FEATHERSTONE    FOUNDRY    AND    MACHINE   CO. 

As  the  successor  to  several  manufacturers  of  refrigerating 
machinery,  the  above-mentioned  firm  is  in  a  position  to  offer 
considerable  variety  in  this  line.  The  list  includes  single-act- 
ing machines,  double-acting  machines,  and  even  absorption 
machines.  Claiming  to  own  a  full  line  of  patents  for  the  last 
mentioned  class  of  machines,  it  declines  to  build  any. 

The  single-acting  machine,  known  as  the  Consolidated 
Machine,  has  been  on  the  market  for  twenty-five  years. 

The  manufacture  of  the  double-acting  machine  known  for 
years  as  the  Empire,  has  been  discontinued  recently  in  favor 
of  the  more  modern  and  up-to-date  Featherstone  Horizontal 
Double-acting  Machine, 

BRINE   SYSTEM    AND   DIRECT   EXPANSION. 

While  ready  to  supply  either  system  as  demanded,  the  brine 
system  finds  in  the  people  we  are  considering  a  faithful  advo- 
cate. On  account  of  their  faith  and  frankness  in  this  direc- 
tion, we  will  quote  from  their  own  words  : 

'*  We  wish  to  preface  our  remarks  in  this  connection  with 
the  announcement  that  we  are  fully  prepared  to  put  in  either 
the  brine  circulation  system  or  the  direct  expansion  system 
with  our  refrigerating  machines,  although  we  believe  the 
brine  circulation  system  as  applied  by  us  to  be  the  most  de- 
sirable system  to  adopt,  for  the  following  reasons  : 

"  1.  With  direct  expansion,  the  rupture  or  breaking  of  a 
pipe  or  connection  in  any  part  of  the  system  is  almost  certain 
to  result  in  the  loss  of  innocent  life,  and  is  equally  certain  to 
result  in  the  loss  of  the  whole  or  greater  portion  of  the  charge 
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of  ammonia,  which,   with   the   direct   expaosion   system,  is 
necessarily  very  large. 

'*  2.  With  direct  expansion  it  is  impossible  to  shut  doiyn  the 
machine,  even  for  the  purpose  of  keying  up  or  making  any 
necessary  adjustment  of  connections  about  the  working  parts 
of  the  machine,  without  having  the  piping  in  the  rooms  com- 
mence to  drip  as  soon  as  the  machine  stops,  and  if  for  any 
reason  the  machine  has  to  be  shut  down  for  a  number  of 
hours,  the  temperature  in  the  rooms  rises  very  rapidly,  while 
with  brine  circulation,  and  with  extra  large  brine  tanks,  such 
as  we  furnish  with  our  machines,  it  is  possible  to  stop  the  ma- 
chine for  ten  or  twenty  hours,  or  even  much  longer  if  neces- 
sary, without  much,  if  any,  change  in  the  temperature  of  the 
rooms,  as  the  brine  pump  is  simply  kept  at  work  circulating 
the  great  volume  of  cold  brine  in  the  tank  through  the  rooms, 
keeping  them  cool  until  the  machine  is  again  started. 

**3.  In  many  cases  our  machines  operated  on  the  brine 
system  perform  the  full  work  required  of  them  in  from  eight 
to  fifteen  hours  per  day,  and  are  shut  down  the  balance  of  the 
time,  thus  making  a  corresponding  saving  in  labor  as  well  as 
fuel  and  water  consumption ;  while  no  matter  how  much  sur- 
plus capacity  there  may  be  in  a  machine  working  on  a  direct 
expansion  system,  the  machine  must  be  kept  compressing  gas 
continuously  every  hour  of  the  twenty-four,  or  the  pipes  will 
drip,  and  the  temperature  in  the  rooms  will  rise  rapidly. 

"  4.  With  our  brine  system  the  whole  ammonia  portion  of 
the  plant  is  under  the  eye  of  the  engineer  while  attending  to 
his  duties  about  the  machine,  while  with  direct  expansion, 
the  engineer's  close  attention  is  required  in  every  room  where 
the  ammonia  is  expanding  in  the  pipes,  to  keep  the  expansion 
valves  properly  regulated." 

VERTICAL    COMPRESSOR. 

The  Consolidated  machine  is  built  with  two  single-acting 
vertical  compressors  and  horizontal  engine. 

The  engine  is  connected  to  a  crank  in  the  center  Of  shaft. 
On  either  side  of  the  crank  there  are  large  journal  bearings. 
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The  power  thus  transmitted  to  the  shaft  is  ba^nced  by  two 
fly  wheels,  which  are  turned  true  and  of  suflBcient  weight  to 
cause  engine  to  pass  smoothly  over  maximum  point  of  com- 
pression. The  power  thus  balanced  is  delivered  to  the  pumps 
or  compressors. 

The  advantage  of  connecting  the  engine  to  a  crank  in  the 
center  of  the  shaft  and  of  placing  a  fly  wheel  between  the 
engine  crank  and  each  pump  crank  (instead  of  placing  the 
pump  crank  between  the  engine  crank  and  fly  wheels,  or  con- 
necting the  engine  to  one  end  of  the  shaft  and  to  the  same 
crank  pin  with  one  of  the  pumps),  lies  in  the  uniformity  and 
steadiness  of  motion  secured  and  in  the  diminished  tortional 
strain,  vibration  and  friction  of  the  crank  shaft. 

The  pump  columns  are  very  heavy,  terminating  at  the 
bottom  in  broad  flanges  which  are  bolted  to  massive  founda- 
tion plates.  These  columns  are  cast  in  one  piece,  forming  a 
strong  frame.  The  foundation  plate  is  provided  with  four 
large  journal  bearings  for  crank  shaft. 

The  compressors,  as  stated,  are  set  vertically,  and  are  single- 
acting,  compressing  only  on  the  up  stroke.  The  evaporated 
gas  has  free  entrance  to  and  exit  from  the  cylinder  below  the 
piston,  thus  keeping  the  pump  cylinder  and  piston  cool.  The 
extreme  lower  portion  of  the  pump  forms  an  oil  chamber  or 
reservoir,  which  effectually  seals  the  stuffing-box  around  the 
pump  piston-rod,  and  as  the  pressure  on  the  stuffing-box  end 
of  the  pump  is  only  the  direct  evaporator  pressure,  about  one- 
eighth  of  the  condensing  pressure  usually,  there  is  practically 
no  chance  for  the  escape  of  ammonia  through  the  stuffing-box.    - 

The  suction  and  discharge  valves  are  located  in  the  pump 
head.  The  suction  valve  is  balanced,  allowing  the  pump  to 
fill  freely  with  expanded  gas  from  the  evaporator.  The  dis- 
charge valves,  of  which  there  are  two,  have  ample  area  for 
discharging  the  compressed  gas,  and  are  so  cushioned  as  to  be 
noiseless  in  their  operation.  The  valves  are  set  in  steel  cages, 
which  are  held  in  position  in  the  pump-heads  by  means  of 
yokes  and  set-screws,  so  that  the  work  of  removing  the  valves 
whenever  it  is  desired  to  do  so,  may  be  accomplished  in  a 


218  ARTIFICIAL   ICE-MAKING  AND   REFRIGERATION. 

moment,  and  a  duplicate  valve  can  as  quickly  be  put  in  place^ 
and  the  machine  started  up  immediately. 

The  suction  and  discharge  pipe  connections  are  made  out- 
side of  the  pump-head,  so  that  ivhen  for  any  reason  it  is  de- 
sired to  remove  a  pump-head,  neither  of  these  connections 
needs  to  be  disturbed. 

The  piston  when  packed  is  practically  solid,  and  is  adjusted 
to  run  practically  flush  with  the  pump-head. 

The  stuffing-box  is  operated  by  a  worm  gear,  so  that  the 
simple  turning  of  a  hand-wheel  adjusts  the  same  while  the 
machine  is  in  motion. 

The  upper  portion  of  the  machine  is  surrounded  by  a  copper 
water-jacket.  The  pumps  are  lubricated  by  a  sight-feed  oiling 
system  which  automatically  feeds  the  oil  required  for  the 
lubrication  of  the  pumps  with  the  economy  and  exactness  of 
a  sight-feed  steam  engine  lubricator. 

HORIZONTAL   COMPRESSOR. 

The  Featherstone  machine  is  built  with  horizontal  engine 
and  horizontal  double-acting  compressor.  The  crank  shaft  is 
straight  and  very  heavy,  with  a  fly  wheel  placed  in  the  center 
between  the  two  main  bearings.  These  compressors  are  all 
built  on  the  heavy-duty  Tangye  frame,  which  has  been  recog- 
nized as  being  the  most  substantial  design  for  machines  of 
this  type. 

A  view  of  complete  machine  is  shown  in  Fig.  67,  and  a  sec- 
tional view  of  compressor  cylinder  in  Fig.  99. 

The  advantage  of  being  able  to  quickly  remove  and  replaice 
both  sets  of  suction  and  discharge  valves  is  attained  in  hori- 
zontal machines  as  with  Consolidated  machines. 

The  discharge  valves  are  located  at  the  lowest  point  of  the 
cylinder. 

Special  by-pass  connections  are  furnished  so  that  the  ammo- 
nia can  be  drawn  from  one  part  of  the  system  to  another. 

The  pump  cylinder  is  provided  with  a  water  jacket  for  cool- 
ing, and  the  compressor  may,  therefore,  be  operated  either  as 
a  dry  gas  machine  or  as  a  humid  gas  machine. 
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The  crosshead  guides  and  the  cylinder  are  bored  out  at  the 
same  time,  and  are,  therefore,  relatively  true.  The  cross- 
head  has  babbitted  gibbs  and  wedge  adjustment.  The  piston 
rod  is  screwed  into  the  crosshead  and  •  properly  secured  by  a 
jam  nut  so  that  the  clearance,  which  is  reduced  to  a  minimum, 
may  be  easily  adjusted.  The  connecting  rod  is  of  the  marine 
type  and  of  hammered  steel. 

The  stuflSng-boxes  are  oil-sealed.  The  oil  leakage  from  the 
stuffing-box  to  the  cylinder  is  designed  to  provide  proper 
lubrication  of  the  latter. 

These  machines  are  so  constructed  that  they  can  be  attached 
to  any  steam  engine  or  operated  by  a  belt. 

CONDENSERS. 

The  standard  ammonia  condensers  are  constructed  of  two- 
inch  pipe  made  from  skelp  selected  especially  for  ammonia 
use.  The  pipes  are  connected  by  semi-steel  return  bends,  a 
tight  joint  being  insured  by  the  use  of  a  Boyle  gasket.  When 
the  condenser  consists  of  more  than  one  section,  each  section 
is  provided  with  stop  valve  on  inlet  and  outlet,  so  that  any 
one  or  more  sections  can  be  shut  oflF  without  interfering  with 
the  operation  of  the  remaining  sections.  An  auxiliary  header 
is  also  provided,  having  stop  valve  on  each  section  and  con- 
nected with  the  suction  of  the  machine  so  that  when  desired 
the  ammonia  may  be  drawn  out  of  any  one  or  more  sections. 
The  condensers  are  tested  to  500  pounds  air  pressure  before 
being  shipped.  Where  circumstances  prevent  the  installing 
of  atmospheric  condensers,  either  submerged  or  double-pipe 
condensers  may  be  used. 

AMMONIA   RECEIVERS. 

Ammonia  receivers  are  of  very  heavy  pattern,  furnished 
with  glass  gauges,  shut-oflF  valves,  and  with  inlet  and  outlet 
valves  and  draw-off  valves  for  the  ammonia.  The  gauge 
valves  are  of  the  needle-point  pattern,  and  so  arranged  that 
they  close  automatically,  should  the  gauge  glass  become 
broken. 
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COILS,  PIPES   AND   CONNECTIONS. 

The  coils  for  both  condensing  and  evaporating  surfaces  are 
made  from  extra-strong  pipe  of  special  quality.  They  are 
made  up  without  return  bends,  being  bent  and  welded  by  a 
special  process,  being  without  a  connection  from  end  to  end. 
Bends  are  made  without  flattening,  the  iron  at  the  outer  cir- 
cumference of  the  bend  not  being  drawn  and  weakened,  but 
the  iron  on  the  inner  circumference  is  upset,  making  this  por- 
tion of  the  pipe  thicker. 

Ammonia  valves  are  of  special  design.  They  are  provided 
with  soft  metal  seats.  All  are  tested  under  an  air  pressure  of 
five  hundred  pounds  per  square  inch. 

Ammonia  unions  are  of  the  "Boyle"  type.  With  these 
unions  the  pipe  is  screwed  into  the  flange  and  the  joint  made 
by  compressing  rubber  rings  around  the  pipe  and  ferrule  ends 
by  the  tightening  of  the  bolts.  Similar  joints  are  made  with 
the  other  flange  fittings,  as  shown  in  Figs.  43  to  49  inclusive. 


TESTS. 

The  summary  of  the  results  of  a  ,test  of  a  fifty-ton  refriger- 
ating machine  are  given  below.  This  shows  that  there  was 
developed  a  duty  equivalent  to  the  melting  of  78.41  tons  of 
ice  in  twenty-four  consecutive  hours,  with  a  coal  consumption 
of  6,108  pounds,  and  a  water  consumption  of  21.19  gallons 
per  minute.  The  brine  system  was  used,  there  being  two 
brine  tanks.  The  test  extended  over  twenty-four  hours. 
The  boiler  used  was  of  the  double-deck  type,  of  the  following 
dimensions : 


Diameter— Five  feet  (S^. 
Length— Sixteen  feet  (160. 
Number  of  tubea— Seventy-three 

(78).      . 
Diameterof  tubes— Four  Inches  (V^), 
Diameter  of  Drum— Four  feet  (4^). 


Length  of  Drum— Eighteen  feet 

(180. 
Width  of  Grate— Five  feet  (6^. 
Length   of    grate — Five   feet   bIx 

inch  (6^6^0. 


The  following  are  the  results  of  the  observations,  viz.; 
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Engine,  vertical  direct-acting,  with  Corliss  valve  gear. 
Cylinder  18'^  x  36'^    Compressors  12f  x  30^',  single-acting. 

Average  steam  pressure 86  lbs. 

**      revolutions  per  minute  .  .   .  ' 56.6. 

**      indicated  horse-power  of  steam  cylinder         .   .  84.3. 

**  *•  **         "         compressors   ....  67.78. 

**      temperature  of  condenser  room  .  62.6  deg. 

**  '*  condensing  water 76.2  deg. 

^*      quantity  of  condensing  water  per  minute  .  .  21.19  gal. 

**      difference  in  temperature  of  brine 8.96  d^. 

**      evaporating  pressure ...  25.22  lbs. 

**       condensing  pressure 157.12  lbs. 

Total  amount  of  brine  metered 36,670  ou.  ft. 

Weight  per  cu.  ft.  of  brine  established 70  lbs. 

Total  number  of  lbs.  of  brine 2,496,900  lbs. 

Total  units  of  heat  at  142.66  lb 22,372,204  Iba. 

Capacity  in  tons  of  ice  melted  in  twenty-four  consecu- 
tive hours 78.41  tons. 

BOIIiEK. 

Kind  of  coal,  anthracite,  chestnut. 

Lbs.  of  coal  consumed 6,108 

**            "            **        per  hour 254.6 

**        ashes 1,000 

•'         combustible 5,108 

Percentage  of  ashes 16.37  %. 

"         **  combustible 83.63  %. 

Lbs.  of  coal  per  indicated  horse-power  per  hour   ....  3.02  lbs. 

**        combustible    "          **         **           **           ....  2.52  lbs. 

Average  temperature  feed-water  entering  boiler  ....  190  deg. 

Coal  consumption  for  refrigerating  duty  equivalent  to 

the  melting  of  one  ton  of  ice 77.88  lbs. 

ICE-MAKING. 

In  the  first  ice-making  plants  by  these  people  the  ice  was 
made  from  undistilled  water  frozen  on  plate.  While  these 
machines  were  successful  and  proved  satisfactory  at  the  time, 
present  methods  result  in  improvement  in  point  of  economy 
and  quality  of  ice  produced.  These  methods  involve  the  use 
of  distilled  water,  utilizing  the  condensed  steam  from  the 
engine,  which  is  purified,  condensed,  filtered  and  cooled  to  a 
low  temperature  before  it  is  delivered  to  the  moulds  where  it 
is  frozen. 
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Nearly  all  the  machines  originally  using  the  plate  system 
have  been  changed  over  to  the  distilled  water  S5'stem. 

In  place  of  a  large,  deep  brine  tank  used  as  for  refrigerating, 
a  more  broad  and  shallow  tank  is  used  for  ice-making,  in 
which  tank  the  moulds  or  cans  with  the  distilled  water  to  be 
frozen  are  placed.  The  brine  is  kept  in  motion  around  the 
cans  by  a  circulating  pump. 

A  table  is  found  on  page  224,  showing  the  size  of  ice- 
making  machines,  with  data  in  regard  to  same.  With  this 
table  as  a  basis,  the  expense  of  running  a  machine  can 
be  readily  estimated. 


224 
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CHAPTER  IV. 

THE  AMMONIA  COMPRESSION  SYSTEM. 

THE   PENNSYLVANIA   IRON    WORKS   CO. 

In  1892  the  Pennsylvania  Iron  Works  Co.  entered  into 
an  agreement  with  the  estate  of  the  late  David  Boyle,  a 
pioneer  in  refrigerating  work,  whereby  it  assumed  right  and 
title  to  the  patents  granted  him  for  improvements  in  ice- 
making  and  refrigerating  machinery.  Accordingly,  the  com- 
pany launched  out-  into  the  field  of  artificial  refrigeration  and 
ice-making,  equipped  with  an  established,  complete  and  effect- 
ive system.  Improvements  in  details  demonstrate  that  the 
system  has  not  suflTered  in  the  hands  of  its  new  owners.  The 
company  has  to  its  credit  the  construction  of  a  machine  that 
for  years  held  the  record  as  the  largest  refrigerating  machine 
yet  constructed.  The  machine  referred  to  was  built  for  The 
Quincy  Market  Cold  Storage  Company,  of  Boston.  Its  com- 
pletion was  followed  by  an  order  for  a  duplicate. 

This  machine,  shown  in  Frontispiece,  has  two  single-acting 
compressors  26  inches  in  diameter  and  with  48  inches  stroke. 
It  is  run  by  a  compound  tandem  condensing  engine  with  steam 
cylinders  24  inches  and  44  inches  in  diameter  and  60  inches 
stroke,  height  above  capstone  24  feet,  length  over  all  45  feet, 
width  20  feet,  and  weight  200  tons.  There  are  two  fly  wheels 
16  feet  in  diameter,  and  weighing  30,000  pounds  each.  The 
main  crank  shaft  is  16  inches  in  diameter.  There  are  iron 
platforms  around  the  compressor  cylinders,  both  at  top  and 
bottom  and  at  each  cross-head. 

The  condenser  contains  15,500  feet  of  2-inch  kalamined 
pipe,  made  in  31  coils,  placed  in  two  stories,  there  being  17 
coils  in  the  lower  section  and  14  coils  in  the  upper.  These 
15  (225) 
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coils  are  27|  inches  on  centers,  with  ample  room  between  for 
cleaning. 

The  machine  that  has  been  thus  briefly  described  is  of  the 
general  type,  as  shown  in  diagram,  Fig.  100.  The  compressors 
are  of  the  vertical,  single-acting  type,  the  compression  taking 
place  in  the  upper  part  of  the  cylinder. 

Fig.  100. 


DIAGRAM  OF   COMPRESSOR  AND  ENGINE. 

Pennsylvania  Iron  Works. 

The  engines  are  generally  of  horizontal  type.  In  special 
cases,  as  especially  in  marine  work,  vertical  engines  are  used. 

For  the  purpose  of  cooling  the  cylinder,  the  expanded  gas 
from  the  refrigerating  coils  is  admitted  to  the  lower  portion  of 
the  cylinder,  and  a  water-jacket  is  provided  around  the  upper 
portion. 


THE    AMMONIA    COMPRESSION    SYSTExNf. 
Fig.  101. 
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BOYI.E   PATENT   AMMONIA  COMPRESSOR. 

Hectional  view  of  conipresnor  cylinder,  water-jacket,  valven  and  stuffing- 
box. 
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Fig.  101  shows  a  sectional  view  of  the  compressor  cylinder, 
water-jacket,  valves  and  stufBng-box.  The  compressor  valves, 
which  are  spring  valves,  are  located  at  the  upper  head  of  the 
cylinder.  The  valves  are  shown  in  place  in  the  view  of  the 
section  of  the  cylinder,  Fig.  101.  The  general  plan  of  the 
suction  and  the  exhaust  valves  may  be  obtained  from  the 

Fio.  102. 


LUBRICATOR  DEVICE  FOR  COMPRESSOR. 

views,  plan  and  elevation  (in  section)  of  the  suction   valve 
shown  in  Fig.  79. 


COMPRESSOR   LUBRICATING   SYSTEM. 

A  special  lubricator  system  employed  on  the  compressors  is 
of  interest.  The  arrangement  of  the  same  is  shown  in  Fig. 
102.  The  compressor  is  provided  with  a  sight-feed  lubricator 
fed   from  an  oil  reservoir  located  at  some  convenient  point 
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above  the  machine.  The  reservoir  is  provided  with  a  gauge 
glass  with  the  usual  shut-off  cocks  for  determining  the  amount 
of  oil  in  the  same.  From  any  point  on  the  suction  side  of  the 
machine  a  connection  is  made  with  the  top  of  the  oil  reservoir, 
giving  a  pressure  to  the  amount  of  the  back  pressure  above 
the  oil.  This  pressure  insures  the  feed  of  the  oil  from  the 
lower  part  of  the  reservoir  through  a  conducting  pipe  to  the 
compressor. 

The  oil  thus  fed  into  the  compressors  is  discharged  in  the 
form  of  vapor  with  the  ammonia  gas  into  an  oil  intercepter, 
in  which  the  oil  is  separated  from  the  ammonia,  the  oil  being 
deposited  at  the  bottom  while  the  dry  gas  passes  from  the  top 
to  the  condenser. 

By  opening  the  valve  in  the  bottom  of  the  oil  intercepter 
the  accumulated  oil  is  driven  upward  into  the  oil  reservoir,  to 
be  used  again,  the  supply  only  being  replenished  froto  time  to 
time  from  an  oil  tank  or  barrel,  to  which  is  attached  a  small 
force-pump  for  the  purpose. 

An  oil  strainer  is  located  in  the  connecting  pipe  to  remove 
any  dirt  or  grit  that  may  be  in  the  oil. 

The  device  combines  convenience,  cleanliness  and  economy 
of  oil ;  all  necessity  of  opening  any  part  of  the  system  to  the 
air  for  the  purpose  of  attending  to  or  adjusting  the  lubrication 
of  the  cylinder  being  entirely  avoided. 

BOYLE  PATENT  ATTEMPERATOR. 

The  Boyle  patent  attemperator  has  already  been  shown  in 
Figs.  16,  17,  and  18.  This  is  arranged  with  a  swivel  joint,  so 
that  it  can  be  swung  up  out  of  the  way.  Fig.  16  shows  the 
swivel  joint.  Fig.  17  the  attemperator  in  pl&ce,  with  section  of 
tank  removed,  while  Fig.  18  shows  a  plain  view. 

ATMOSPHERIC    AMMONIA   CONDENSER. 

A  view  of  the  atmospheric  condenser  complete,  including 
the  tank  for  catching  the  water  that  flows  down  from  the  sec- 
tion of  pipe,  is  shown  in  Fig.  103. 
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CHAPTER  V. 

THE  AMMONIA  COMPRESSION  SYSTEM. 
ECLIPSE   REFRIGERATING   AND   ICE-MAKING   MACHINERY. 

The  characteristic  features  of  a  compression  system  of  re- 
frigeration may  be  looked  for  in  the  compressor;  These  in- 
clude the  class  of  pump,  the  method  of  coupling  the  same  to 
the  motive  power,  and  the  details  of  the  compressor  cylinder 
and  piston, 

THE    TYPE   OF    MACHINES. 

The  Eclipse  machines  consist  of  a  pair  of  single-acting  verti- 
cal compressor  pumps  driven  by  a  horizontal  steam  engine, 
all  forming  one  structure. 

Other  special  features  are  the  use  of  a  safety  head  at  the 
upper  end  of  the  compressor  cylinder  and  the  location  of  the 
suction  valve  in  the  compressor  piston. 

The  usual  claims  for  the  advantage  of  single-acting  ma- 
chines are  advanced,  a  few  of  which  it  may  be  instructive  to 
consider. 

SINGLE-ACTING   VERSUS   DOUBLE-ACTING   PUMPS. 

Vertical  pumps  are  not  subject  to  bottom  wear  of  the  pis-' 
tons,  as  is  the  case  with  horizontal  pumps,  where  the  weight 
of  the  piston  is  necessarily  supported  by  the  cylinder  bore, 
producing  needless  friction,  with  a  strong  tendency  to  wear 
the  cylinder  oval,  and  more  particularly  the  narrow  surface 
of  the  piston,  to  such  an  extent  that  leakage  of  gas  occurs  past 
the  top  of  same.  Partof  the  weight  of  the  piston  is  also  taken 
by  the  piston  rod  when  near  front  end  of  cylinder  and  rests 
on  the  stuflBng-box,  which  makes  it  rather  difficult  to  main- 
tain the  piston  rod  packing. 

(231) 
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BALANCED   FORCES,  SINGLE-ACTING   MACHINES. 

In  the  vertical  pattern  the  pump  cranks  are  placed  opposite 
each  other  and  the  forces  are  balanced.  The  wear  of  the 
pump  cylinder  bore  and  piston  rod,  owing  to  their  vertical 
position,  is  uniform  and  very  slight,  and  the  saving  in  friction 
a  considerable  item.  There  are  other  advantages,  such  as 
economy  of  space,  use  of  a  large  vertical  water-jacket,  separa- 
tion of  dirt,  ease  of  lubrication,  etc. 

FREEDOM    FROM   LEAKAGE,  SINGLE-ACTING. 

The  single-acting  pump  compresses  the  gas  on  its  upward 
stroke,  hence  the  condensing  pressure  comes  only  above  the 
piston.  This  pressure  ranges  from  125  pounds  upward  per 
square  inch,  the  space  below  the  piston  being  subjected  only 
to  the  low  suction  pressure  of  gas  ranging  from  0  to  35  pounds, 
hence  in  the  single-acting  machine  the  stuffing-box  packing 
is  more  easily  kept  tight  without  undue  wear  and  friction  of 
the  piston  rod  than  in  the  double-acting  pump,  which,  having 
to  compress  gas  on  tlie  lower  stroke  to  condensing  pressure, 
necessitates  a  tight  stuffing-box,  which  causes  undue  friction, 
heating  and  wear  of  piston  rod. 

In  the  single-acting  pump,  because  of  the  low  pressure  on 
the  piston  packing  box,  the  leakage  of  ammonia  past  the 
piston  rod  is  easily  prevented.  This  in  itself  is  an  important 
saving. 

STANDARD  COMPRESSOR. 

Fig.  104  is  a  sectional  view  of  a  standard  machine  complete 
with  engine  and  foundation,  and  Fig.  105  a  sectional  view  of 
the  cylinder  of  the  compressor,  showing  details  of  the  cylin- 
der, piston,  valves,  water-jacket,  stuffing-box  and  packing,  the 
method  of  lubricating  by  means  of  hand  oil  pump,  and  the 
means  of  adjustment  by  bevel  gears,  the  projecting  shaft  hav- 
ing square  head  for  wrench. 

A  prominent  and  striking  feature  of  the  design  is  the  em- 
ployment of  rectangular  tapering  box  girder  columns  for  sup- 
porting the  pumps,  forming  a  solid,  rigid  foundation  for  main 
bearings.     The  bottom  ends  of  the  columns  terminate  in  a 
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broad  base  or  flange,  which  is  bolted  to  heavy  foundation  base 
plates.     The  upper  works  are  provided  with  a  gallery  and 


Fig.  105. 
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SECTION   **  ECLIPSE ''   COMPRESSOR  CYLINDER. 

convenient  stairways.     On  the  larger  machines  an  upper  and 
lower  platform  are  furnished.     The  fly-wheel  is  located  be- 
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tween  the  pumps.  The  connecting  rod  of  the  horizontal  engine 
acts  directly  upon  the  main  crank.  Altogether  the  design  ia 
novel  and  pleasing,  and  strikes  the  observer  as  being  a  splendid 
adaptation  for  the  purpose  to  which  the  machine  is  applied. 

WATER-JACKET. 

The  gas  parts  with  more  or  less  of  the  heat  of  compression 
through  the  wall  of  the  cylinder,  the  dome  and  cylinder  being 
enveloped  in  a  water-jacket,  through  which  the  cold  water  i& 
constantly^circulating.  This  jacket  not  only  tends  to  prevent 
superheating  of  the  gas  during  compression,  but  likewise  tends 
to  materially  assist  the  condenser  and  cut  down  to  a  marked 
degree  the  gas  resistances  that  would  present  themselves  with-^ 
out  its  use. 

SUCTION  VALVE. 

The  steel  suction  valve,  of  large  area,  is  situated  in  the 
piston,  the  gas  inlet  being  in  the  base  of  the  pump.  The  suc- 
tion valve  being  balanced  by  a  spring,  offers  upon  the  return 
stroke  of  the  piston  no  resistence  to  the  gas,  which  flows, 
under  the  back  pressure,  with  considerable  velocity  into  the 
vacant  space  above  the  piston.  A  cushion  and  spring  assist 
in  closing  the  suction  valve  promptly  and  noiselessly  as  the 
up  stroke  is  begun,  the  imprisoned  gas  being  gradually  com- 
pressed until  it  equals  the  condensing  pressure  acting  upon 
the  discharge  valves,  located  in  the  pump  dome,  when  the 
discharge  begins. 

THE  SAFETY  COMPRESSOR  HEAD. 

In  order  to  make  it  perfectly  safe  to  work  the  piston  metal 
to  metal  against  the  top  cylinder  head,  the  better  to  expel  the 
full  charge  without  danger,  the  pump-head  is  made  movable, 
or  is  what  may  be  called  a  safety  head.  In  other  words,  it  is 
simply  a  large  valve  the  full  size  of  bore  of  pump,  through 
the  seat  of  which  the  piston  may  pass  without  injury,  raising 
the  head  before  it  suflicient,  in  case  of  any  part  getting  loose, 
that  no  damage  can  ensue,  such  as  knocking  out  a  cylinder 
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head,  thus  losing  the  full  charge  of  ammonia  gas  and  en- 
dangering life. 

THE  DISCHARGE  VALVE. 

The  safety  head  does  not  work  as  a  valve,  the  real  operating 
discharge  valve  being  the  steel  valve  in  the  centre  of  the  same. 
The  safety  head  with  its  discharge  valve,  guides  and  seat  are 
self-contained  and  independent  of  the  pump  cylinder,  making 
it  convenient  to  replace  the  whole  valve  mechanism  by  a 
duplicate  one  or  make  speedy  repairs. 

INDICATOR  VALVE. 

The  small  valve  at  the  upper  right-hand  corner  of  cylinder, 
Fig.  105,  is  for  taking  indicator  diagrams  from  the  pump,  and 
to  inject  oil  in  that  portion  of  the  cylinder,  if  any  be  needed, 
when  starting  up  a  new  machine  or  when  testing  under  air 
pressure. 

BASE  OF  ACCESS  TO  PUMP  MECHANISM. 

A  novel  feature  is  that  all  parts  of  the  pump  mechanism 
are  easy  of  access.  By  simply  removing  the  dome-head  the 
valves  are  exposed  to  view  for  examination  or  adjustment,  and 
the  entire  valve  mechanism  can  be  removed  in  a  twinkling. 


There  is  provided  a  "  bye  pass,"  located  on  the  pump  plat- 
forms, enabling  the  engineer  to  exhaust  the  ammonia  from 
any  part  of  the  system  (stop-valves  being  furnished  to  isolate 
every  part),  and  store  the  ammonia  in  any  other  part  tempor- 
arily until  the  repairs  or  examinations  are  made. 

The  **bye  pass"  is  also  used  for  exhausting  the  pumps 
themselves  before  the  heads  are  taken  off  for  examination.  By 
means  of  its  peculiar  arrangement  of  pipes  and  valves,  it  is 
possible  to  reverse  the  action  of  the  pumps  and  exhaust  the 
ammonia  from  the  condenser,  storing  it  in  the  expansion  coils. 

In  each  case,  after  the  examination  of  any  part,  the  air  can 
be  exhausted  therefrom  and  charge  of  ammonia  re-introduced 
without  the  admixture  of  air. 
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AMMONIA    CONDENSERS. 

The  submerged  condenser  is  built  after  the  general  plan 
shown  in  the  brine  tank  (Fig.  6,  Part  I).  The  ammonia  gas 
from  the  compressor  is  passed  through  the  pipe  coils,  arranged 
in  multiple.     These  pipes  are  surrounded  by  cold  water. 

In  this  apparatus  the  arrangement  followed  is  for  the  water 
to  be  admitted  at  the  bottom  and  to  be  drawn  off  at  the  top, 
and  the  incoming  gas  to  be  admitted  at  the  top  and  drawn  off 
at  the  bottom.  By  this  arrangement  the  hot  gas  will  be  first 
brought  iR  contact,  so  to  speak,  with  the  warmer  water  at  the 
top,  and  as  it  becomes  cooler  and  passes  down  it  will  be  acted 
upon  by  the  colder  water,  and  consequently  the  best  results 
possible  will  be  thus  obtained. 

The  atmospheric  condenser  is  built  up  of  sections.  Each 
section  is  provided  with  the  proper  inlet  and  outlet  valves,  so 
that  each  is  independent,  and  may  be  cut  out  for  repairs  with- 
out interfering  with  the  others.  The  water  is  fed  along  the 
entire  length  from  a  pipe  at  the  top,  drips  down  over  the 
pipes  below  in  succession,  and  is  then  caught  in  a  pan  at  the 
bottom.  This  water  is  not  led  off  to  the  sewer,  as  is  done  in 
some  cases,  but  is  conducted  to  the  distiller.  Water  from  the 
distiller  over-flow  is  pumped  into  the  boiler.  In  Fig.  33, 
Part  I,  is  shown  an  atmospheric  condenser  with  double-pipe 
liquid  fore-cooler. 

description  of  brine  tank. 

In  Fig.  6  is  shown  a  section  of  a  circular  tank  with  circular 
coils.  The  tank  is  built  with  thick  walls,  set  upon  a  founda- 
tion of  brick  or  concrete,  and  is  provided  with  a  thick  wooden 
cover.  The  insulation  usually  is  made  up  of  granulated  cork, 
several  thicknesses  of  boards,  with  P.  &  B.  paper  between,  and 
one  or  two  air  spaces. 

The  coils  are  arranged  in  multiple.  In  the  case  shown 
there  are  four  coils  connected  at  one  end  to  one  header,  the 
other  ends  being  independent,  and  provided  with  valves,  thus 
permitting  of  the  proper  regulation  of  the  individual  coils. 
As  the  inner  coils  have  a  shorter  circumference  than  the  outer 
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coils,  these  coils  are  given  more  turns  than  the  outer  ones  to 
compensate  for  this,  so  that  the  lengths  of  the  four  coils  are 
practically  the  same.  The  expansion  valve  is  located  at  the 
top  of  the  coily  so  connected  that  the  ammonia  enters  the  top 
of  the  coil  and  flows  toward  the  bottom.  The  brine  is  drawn 
off  from  the  lower  portion  of  the  tank  by  the  brine  circulating 
pump  through  the  suction  pipe  indicated,  and  returned 
through  the  pipe  entering  through  the  top  at  the  center. 

PIPING. 

To  make  the  proper  allowance  and  arrangement  of  the  cir- 
culating pipes  in  the  rooms  to  be  cooled  is  an  important 
function  of  the  refrigerating  engineer.  Of  next  importance  is 
the  quality  of  the  piping  and  fittings.  It  is  needless  to  say 
that  only  the  best  of  materials  should  be  employed.  All  this 
involves  special  study  and  the  display  of  good  judgment. 

In  looking  over  the  field  there  will  be  noticed  the  appear- 
ance of  hobbies  and  peculiar  and  conflicting  claims.  A  cer- 
tain kind  of  apparatus  that  is  lauded  by  one  is  decried  by 
others. 

In  the  Eclipse  system  special  claims  are  made  for  valves. 
Cocks  are  tabooed.  They  are  set  down  as  barbarous,  crude 
and  cheap,  and  are  looked  down  upon  because  they  were  used 
before  valves  were  invented.     Furthermore  it  is  said  : 

**They  are  hard  to  open,  stick,  and  are  liable  to  cut,  from 
dirt  working  between  the  surfaces.  The  expansion  and  con- 
traction of  the  barrels  of  the  cocks  changes  the  form,  render- 
ing them  leaky  ;  they  also  leak  at  each  open  end,  and,  when 
much  worn,  blow  through  ;  they  require  a  long  wrench  to 
move  them,  and  the  full  strength  of  a  man,  sometimes  two 
men,  and  a  sledge.  When  a  cock  is  to  be  opened  or  shut  the 
engineer  has  to  spend  time  looking  around  for  the  wrench 
handle,  which  is  so  awkward  and  clumsy  that  it  is  never  left 
on  the  cock  ready  for  use. 

"  That  these  cocks  are  treacherous  is  recognized  by  one  of 
the  principal  users  of  same  on  ammonia  machinery,  who  takes 
the  precaution  to  provide  and  bolt  on  each  side  of  the  cock  a 
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tight  flange  cover,  which  is  a  standing  advertisement  that 
cocks  are  dangerous  and  require  to  be  boxed  up  to  make  them 
safe ;  and  safe  they  are,  so  long  as  they  are  not  needed  for  use. 
But  sometimes  the  engineer  wants  to  get  at  the  cock  in  an 
awful  hurry,  then  he  has  to  stop  to  take  oflF  the  cap,  let  the 
residual  ammonia  pass  off,  hunt  up  his  wrench,  and  by  that 
time  he  is  about  dead  with  the  escaping  gas.  Result,  big  loss 
of  ammonia. 

"With  a  valve  it  is  different — always  ready,  large  hand- 
wheel  in  place,  easy  to  close,  easy  to  open,  and  in  case  of  acci- 
dent, safest  and  most  satisfactory  of  all  devices. 

"  Cocks  are  a  relic  of  a  bygone  age,  and  will  not  do  for  mod- 
ern machinery." 

ICE-MAKING  MACHINERY. 
FREEZING  TANK. 

The  freezing  tank  is  made  of  steel,  and  well  coated  with 
waterproof  paint.  Wooden  tanks,  while  much  cheaper,  are 
very  unsatisfactory,  owing  to  leakage  and  short  time  they  last. 

Fig.  106  is  a  sectional  view  of  a  can  freezing  tank,  and  dis- 
closes the  interior  arrangement  thereof,  showing  the  arrange- 
ment of  ammonia  evaporating  pipes,  ice  moulds,  framework 
for  holding  the  cans  in  position  with  wooden  covers  and 
agitator. 

WOODEN  COVERS  FOR  CANS  AND  GRATING. 

The  grating  or  framework  to  hold  cans  in  tank  is  made  of 
oak,  and  covers  are  thoroughly  made  of  two  thicknesses  of 
2-irich  dressed  oak.  The  framework  is  well  jointed  and 
screwed  together. 

EVAPORATING  COILS. 

Parallel  rows  of  ammonia  pipes  with  space  between  each 
set  to  admit  of  a  row  of  moulds  are  submerged  in  the  brine, 
with  which  the  tank  is  filled.  The  water  in  being  frozen 
gives  up  its  heat  to  the  brine,  which  in  turn  gives  up  this 
heat  to  the  expanding  ammonia  in  these  ammonia  pipes. 
The  contents  of  the  cans  are  frozen  into  a  solid,  sparkling 
mass  of  ice  in  from  22  to  48  hours,  depending  upon  thickness 
of  mould  and  temperature  of  brine. 
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THE  ICE  MOULDS. 

The  ice  moulds  are  of  six  sizes— 50,  100,  150,  200,  300  and 
400  pounds.  The  actual  weight  of  the  cake  is  about  10  per 
cent,  greater,  however,  to  allow  for  wastage.  The  demand 
of  the  locality  influences  the  selection  of  the  size  of  cake  and 
determines  the  weight  to  be  used. 

TAKING  THE  ICE  OUT  OF  THE  MOULDS. 

A  suitable  hoisting  arrangement,  traveling  upon  iron  rails, 
over  each  tank,  is  used  for  lifting  the  moulds  out  of  the  tanks, 
and  they  are  then  carried  by  the  hoist  to  a  thawing  device, 
which  soon  loosens  the  ice  from  the  can.  The  mould  is  then 
tipped  over  an  inclined  runway,  the  cake  of  ice  easily  slipping- 
out  of  the  can  and  sliding  down  the  runway  through  a  trap 
into  the  ice-house  or  ante-room,  where  it  is  temporarily  stored, 
awaiting  delivery  to  customers. 

ECONOMY    IN    USE   OF    WATER. 

In  the  Eclipse  system  of  making  ice  the  water  is  greatly 
economized,  as  the  same  water  is  used  first  on  the  ammonia 
condenser,  then  again  for  distilling,  then  pumped  from  the 
distiller  overflow  into  the  steam  boiler,  the  steam  therefrom 
being  used  in  the  engine,  and  afterwards  condensed  in  the 
distiller,  and  finally,  after  thorough  purification,  utilized  to 
fill  the  ice-moulds,  hence  the  total  water  supply  is  reduced  to 
a  minimum.     See  Fig.  107. 

WATER    DISTILLING   SYSTEM. 

Exhaust  steam  from  the  engine  is  generally  used  to  supply 
the  distilled  water  for  filling  the  ice  moulds.  See  Fig.  108. 
The  reason  /or  this  is  that  it  is  economy  to  pass  the  steam 
through  the  engine  first  before  distilling,  as  by  this  method  at 
least  60  per  cent,  of  the  fuel  is  saved  that  would  be  required  if 
steam  were  taken  direct  from  the  boiler  for  distilling,  in  addi- 
tion to  requirements  of  engine  ;  in  other  words,  to  use  a  com- 
mon phrase,  to  "  take  the  power  out  of  the  steam  first.'*  The 
apparatus  used  thoroughly  separates  the  oil  and  impurities 
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from  the  exhaust  steam,  and  permits  the  use  of  any  mineral 
oil  that  is  suitable  for  lubricating  the  valves  and  piston  of  the 
engine,  as  with  this  apparatus  the  oil  is  so  completely  elimi- 
nated from  the  steam  that  the  ice  is  not  aflEected.  In  larger 
plants  the  exhaust  steam  from  the  engine  is  not  sufficient  to 
make  up  the  required  quantity  of  distilled  water.  The  defi- 
ciency has  to  be  made  up  of  fresh  water,  which  is  either  boiled 
distilled  or  drawn  direct  from  boiler,  undergoing  a  purifying 
and  cleansing  process  before  it  is  used  in  the  cans. 

WATER-POWER  ICE  PLANT. 

Where  water-power  can  be  had,  it  is  recommended  to  use 
the  "  plate  system,"  the  water  being  subjected  to  a  thorough 
system  of  filtration,  no  steam  being  required.     See  Fig.  109. 


The  "  Eclipse  "  patent  plate  system  for  making  ice  is  especi- 
ally adapted  where  water-power  is  obtainable,  as  pure,  trans- 
parent ice  may  be  made  by  this  method  from  potable  water 
without  being  distilled,  water  being  taken  from  usual  sources 
of  supply  and,  when  necessary,  thoroughly  filtered,  and  sub- 
jected to  special  treatment  if  required. 

In  this  system  of  freezing  the  cake  may  be  of  large  size, 
the  standard  being  16  feet  long,  8  feet  wide  and  12  inches 
thick.  The  impurities  are  forced  out  of  the  water  in  the  pro- 
cess of  freezing,  and  are  found  as  a  precipitate  at  the  bottom 
of  the  compartment  in  which  the  ice  is  frozen,  and  which  may 
be  thoroughly  cleaned  out  by  washing,  before  fresh  supply  of 
water  is  run  in  for  freezing. 

Ice  made  by  the  plate  system  is  similar  to  the  best  Kennebec 
ice  in  grain  and  texture,  but  surpasses  it  in  coldness,  solidity 
and  transparency,  and  may  be  split  into  convenient  sized  blocks 
in  the  same  way  as  natural  ice. 

With  the  larger  plants  are  used  power  gang-saw  cutting  rig, 
with  suitable  carriages  and  arrangement  of  saws  that  any  con- 
venient size  may  be  cut  partly  by  the  saws  and  easily  split  up 
into  blocks  having  clean,  square  corners  and  with  but  little 
waste. 
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Geared  traveling  cranes,  either  hand  or  power,  are  used  to 
hoist  the  large  plates  of  ice  from  the  freezing  compartments 
and  transport  them  to  the  cutting  table  with  surprising  ease, 
certainty  and  safety,  enabling  the  harvesting  of  the  ice  to  be 
done  at  the  minimum  labor  cost. 

Those  who  have  carefully  considered  the  subject  of  ice-mak- 
ing will  see  at  a  glance  the  application  of  the  system  where  the 
locality,  conditions  and  trade  requirements  give  assurance  of 
its  commercial  success. 


CHAPTER  VI. 
THE  AMMONIA  COMPREBSION  BYSTEM. 
'    THB  YORK  MACHINE. 

The  manufacturers  of  the  *'  York  Machine  "  have  had  ex- 
tensive experience  in  building  various  types  of  machines, 
including  double-acting,  single-acting,  and  compound  types, 
both  horizontal  and  vertical.  As  a  result  of  this  experience 
they  have  adopted  as  their  standard  type  of  machine  the 
vertical  machine,  single-acting,  with  false  head  to  the  cylin- 
der, combined  with  a  horizontal  engine,  notwithstanding  the 
fact  that  this  style  of  machine  is  comparatively,  expensive 
to  build. 

THB  COMPRESSOR. 

The  compressor  used  on  the  standard  machine,  as  stated 
above,  is  known  as  the  single-acting,  false,  or  safety-head  type. 

The  ammonia  gas  from  the  evaporating  coils  of  the  refriger- 
ator enters  at  the  bottom  of  the  cylinder,  below  the  piston, 
passes  up  through  the  suction  valve  in  the  piston  to  the  upper 
portion  of  the  cylinder,  where  it  is  compressed  on  the  up- 
stroke of  the  piston  and  forced  out  through  the  center  of  the 
discharge  valve,  located  at  the  center  of  the  safety-head  at  the 
top  of  the  cylinder. 

The  top  of  the  piston  and  bottom  of  the  safety-head  are 
both  faced  oflF  square,  allowing  practically  flush  adjustment 
of  operation,  ensuring  almost  complete  discharge  of  com- 
pressed gas. 

The  known  advantage  of  the  safety-head  is  the  security 
it  guarantees  against  the  breaking  of  the  head  in  case  of 
accidental  breaking  of  valves  or  any  other  part  of  the 
machine,  as  well  as  an  overcharge  of  liquid  ammonia  in  the 
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compressor.  In  such  a  case  the  safety-head  is  lifted  from  its 
seat,  allowing  the  obstruction  to  pass  through,  or  the  lifting  is 
repeated  at  each  stroke  until  the  attention  of  the  engineer  is 
attracted  to  the  difficulty  and  the  machine  shut  down,  thereby 
preventing  the  destruction  of  the  machine,  as  would  be  the 
result  from  such  causes  when  solid  heads  are  used. 

The  cylinder  is  encased  in  a  water-jacket,  the  water  enter- 
ing at  the  bottom,  circulating  around  the  walls  of  cylinder 
and  up  over  the  top  cover,  where  it  overflows.  The  water 
keeps  the  compressor  walls  cool  and  takes  care  of  the  greater 
part  of  the  heat  of  compression. 

Both  the  discharge  and  suction  valves  can  be  inspected  by 
the  removal  of  the  top  head  of  the  cylinder. 

The  diagram.  Fig.  110,  shows  a  plan  and  elevation  of  a 
500-ton  machine. 

ILLUSTRATIONS  OF  YORK  APPARATUS. 

In  view  of  the  extensive  descriptions  of  the  various  features 
of  ammonia  compressors  and  refrigerating  apparatus  that 
have  already  been  given  in  the  preceding  pages,  we  believe 
that  the  characteristic  features  of  the  York  apparatus  will  be 
readily  appreciated  from  an  inspection  of  the  illustrations  that 
are  presented.  Most  of  these  illustrations  have  been  used  in 
Part  I,  as  representative  examples  of  the  parts  described. 

The  following  illustrations  will  be  found  in  Part  I  : 

Details  of  compressor,  Fig.  68  to  75  inclusive. 

Fig.  68.  Sectional  view  of  ammonia  compressor  cylinder, 
piston  and  valves. 

Fig.  69.  Suction  valve. 

Fig.  70.  Discharge  valve. 

Figs.  71  and  72.  Ammonia  pistons. 

Fig.  73.  Compressor  cylinder  cover. 

Fig.  74.  Compressor  base. 

Fig.  75.  Compressor  cylinder. 

Condensers.     Fig.  33  and  Fig.  37. 

Fig.  33.  Atmospheric  condenser  with  fore-cooler. 

Fig.  37.  Double-pipe  condenser,  "  W  "  and  "  C  "  type. 
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Isometric  views  and  ground  space  charts  of  ice  plants 
Figs.  24  to  28  inclusive. 

Fig.  24.  Plate  ice-making  plant — ^isometric  interior  view. 

Fig.  25.  Can  ice-making  plant — isometric  interior  view. 

Figs.  26  and  27.  Plate  ice-making  plant — ground  space 
charts. 

Fig.  28.  Can  ice-making  plant— ground  space  chart. 

TESTS. 

The  art  of  refrigeration  is  greatly  indebted  to  the  York 
Manufacturing  Co.  for  the  work  it  has  undertaken  on  its  own 
part  and  in  offering  the  facilities  of  its  entensive  plant  for  the 
use  of  others  in  making  extensive  tests  on  various  important 
features  of  refrigerating  processes.  The  results  that  have  so 
far  been  given  out  represent  but  a  small  part  of  the  labor 
involved.  In  due  time  more  will  be  forthcoming,  to  the 
material  benefit  of  the  art. 

An  idea  of  what  has  been  done  along  this  line  may^  be 
obtained  from  the  following  statement : 

**  We  have  made  over  600  tests  of  an  average  of  ten  hours 
each,  the  most  of  these  tests  requiring  12  men  to  operate  and 
some  as  many  as  25.  This  will  give  an  idea  of  the  amount  of 
data  we  have  collected. 

"  The  original  tests  were  started  to  determine  the  practical 
eflBciency  of  the  compressor,  and  also  to  determine  practically 
the  number  of  pounds  of  ammonia  required  to  produce  a  re- 
frigerating effect  of  one  ton  of  ice,  so  as  to  establish  a  factor  of 
safety. 

"  In  addition  to  these  tests,  we  have  run  tests  to  determine 
the  speed  limit  of  the  compressor  under  different  back  press- 
ures, the  efficiency  of  different  styles  of  condensers,  and  the 
eflSciency  of  different  styles  of  coolers.  Our  test  plant  is 
equipped  with  a  double  and  a  single-acting  machine,  and  we 
have  run  tests  on  both  types  of  machine.  We  have  also  run 
tests  to  determine  the  relative  efficiency  between  a  machine 
running  wet  compression  and  dry  compression ;  tests  to  deter- 
mine the  effect  of  increasing  and  decreasing  the  lift  on  the 
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suction  and  discharge  valves ;  tests  to  determine  the  effect  of 
clearance  in  the  compressor ;  and  a  number  of  other  tests  for 
various  purposes. 

**  This  h&s  required  an  immense  amount  of  work  to  straighten 
out  the  data  obtained,  and  while  we  have  had  not  less  than 
two  men  working  on  the  data  all  the  time  for  the  past  three 
years,  we  are  only  just  beginning  to  get  thiijgs  straightened 
out,  and  may  find  it  necessary  to  go  back  and  make  some 
more  tests  on  things  on  which  we  require  additional  infor- 
mation." 


CHAPTER  VII. 

ANHYDROUS  SULPHUROUS  OR  AMMONIA  SYSTEM. 

THE  NEWBURQH  ICE  MACHINE  AND  ENGINE  COMPANY. 

The  Newburgh  Ice  Machine  and  Engine  Company  manu- 
factures apparatus  of  both  the  Pictet  and  Penney  designs.  The 
list  includes  machines  adapted  to  the  use  of  sulphur  dioxide, 
machines  adapted  to  the  use  of  ammonia  gas,  and  machines 
adapted  to  the  use  of  either ;  machines  ranging  in  capacity 
from  100  poimds  per  day  to  600  tons;  single-acting  and 
double-acting  machines ;  machines  with  single  cylinder  and 
duplex ;  twin  connected  and  tandem  driven  machines;  verti- 
cal and  horizontal  machines;  refrigerating  apparatus,  apply- 
ing either  the  direct  or  the  indirect  systems ;  and  ice-making 
apparatus,  including  water-distilling  outfit  and  the  appliances 
for  handling  the  finished  frozen  product ;  machines  combined 
with  power  plant  and  machines  adapted  to  be  run  by  belt 
from  shafting  or  from  electric  motor. 

ANHYDROUS   SULPHUROUS   MACHINE. 

The  anhydrous  sulphurous  or  sulphur  dioxide  (SO a)  ma- 
chine is  designated  as  the  Independent  Horizontal  Pictet 
compressor. 

The  difference  in  the  medium  means  that  copper  and  brass 
may  be  used  in  any  part  of  the  construction,  a  great  advantage 
in  some  cases  in  the  condenser  and  refrigerator  coils,  which, 
from  the  action  of  acids  and  organic  matters  contained  in  water 
from  certain  localities,  or  from  the  sea,  affect  iron  pipes  and 
lead  to  rapid  destruction.    This  is  not  the  case  with  copper. 

The  fact  that  ammonia  has  a  peculiar  action  on  copper  and 
brass,  tending  to  dissolve  and  eat  them  away,  precludes  the 
use  of  these  metals  in  cases  where  the  same  might  be  desirable. 
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Neither  the  oxide  nor  the  ammonia  has  any  effect  upon 
iron  or  steel. 

The  working  gas  pressure  for  the  oxide  is  between  one-half 
and  one-third  less  than  for  ammonia.  No  superiority  for 
either  is  claimed. 

The  construction  of  the  machine  is  along  the  lines  of  com- 
pressors for  ammonia,  such  as  have  already  been  described. 
The  machine  is  horizontal,  double  acting. 


Fig.  Ill 


Fig.  112. 


SELF-CONTAINED  ICE  AND  REFRIGERATOR  MACHINES. 


Special  features  in  regard  to  valves  may  be  mentioned,  as 
follows : 

Valves  of  steel  placed  in  removable  steel  cages,  cushioned 
adjustment. 

Accessibility  of  valves.  By  simply  removing  two  bolts  the 
cage  with  valve  may  be  withdrawn  and  replaced  by  a 
duplicate. 

Interchangeability  of  valves:  suction  valves  being  inter- 
changeable with  discharge  values,  and  vice  versa,  on  which 
account  the  action  of  the  pump  may  be  reversed  to  permit  of 
forcing  gas  from  one  part  of  the  system  to  the  other. 
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SELF-CONTAINED  ICE  AND  REJFRIOERATOR  MACHINES. 

The  smaller  machines  are  self-contained,  the  machine  being 
mounted  directly  upon  the  refrigerator.  See  Figs.  Ill  and  112. 
Ice  in  cakes  of  from  5  to  25  pounds  is  frozen  in  the  upper 
part  of  the  refrigerator,  and  stored  in  compartments  in  the 
same.  The  plant  includes  compartments  for  cooling  drinking 
water  and  for  storing  provisions,  as  in  a  domestic  refrigerator. 

The  condenser  is  mounted  at  the  side. 

Machines  of  this  type  range  in  capacity  from  250  pounds 
to  1000  pounds  per  day. 

These  plants  are  shipped  already  assembled  and  ready  for 
operation,  even  to  being  charged  with  gas. 

Fig.  113. 


SMALL  REFRIGERATING  PLANT.      INDIRECT  OR  BRINE  SYSTEM. 


SMALL  REFRIGERATING  PLANTS. 

Small  and  medium-sized  plants  are  generally  made  up  with 
horizontal  double-acting  compressors,  the  small  plants  opera- 
ting with  direct  expansion  and  the  medium-sized  plants  either 
direct  or  indirect  with  brine  circulation.  A  small  plant 
adapted  to  this  latter  system  is  shown  in  Fig.  113. 
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BNCLOSBD  ICE  MACHINES. 

The  enclosed  ice  machine,  Figs.  114  and  115,  is  designed 
with  two  single-acting,  duplex  compressors,  either  belt  or 
direct  steam  driven.  It  is  intended  to  meet  the  demand  for 
small  outfits  with  unskilled  attendance.  All  the  working 
parts  are  tightly  enclosed,  the  end  of  crank  shaft  projecting 
through  the  side  of  the  case  to  receive  the  driving  pulley  or 
the  connection  to  engine  shaft.  These  features  mentioned  are 
so  combined  that  there  is  but  one  stuffing-box  to  the  whole 
machine. 

Fig.  114.  Fig.  116. 


XL 


ENCLOSED  ICE  MACHINE. 


These  machines  are  made  for  as  low  a  capacity  as  100 
pounds  per  day. 


VERTICAL  SINGLE-ACTING  REFRIGERATING  MACHINES. 

The  vertical  single-acting  refrigerating  machine,  Fig.  66, 
Part  I,  Chapter  XVIII,  is  of  a  type  that  has  been  familiar  for 
a  dozen  years  or  more.  Machines  of  this  type  in  operation 
are  numerous,  and  many  of  them  of  large  capacity. 
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WATER  COOLING  OUTFIT. 

One  of  the  most  evident  applications  for  a  refrigerating 
plant  is  for  the  cooling  of  water.  The  application  certainly 
does  not  call  for  extended  reference.  A  plant  adapted  to  this 
purpose  is  shown  in  Fig.  116.  Among  the  locations  where 
there  may  be  a  demand  for  such  an  outfit,  operating  either 
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WATER  COOLING  OUTFIT. 
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directly  or  indirectly,  may  be  included  oflBce  buildings,  hotels, 
creameries  and  aquariums. 


DISTILLING  APPARATUS. 

The  distilling  apparatus  for  producing  pure  water  for  ice 
production  and  family  use,  demands  some  explanation. 
.  The  object  of  distillation  is,  of  course,  to  eliminate  the 
impurities  from  the  water,  this  being  done  by  driving  the 
water  in  the  form  of  vapor  ofiF  from  the  impurities. 

In  plants  operated  by  steam  it  is  policy  to  utilize  the  ex- 
haust steam  as  part  of  the  supply  for  ice  production.  This 
necessitates  the  removal  of  the  grease  from  the  water  to  render 
it  satisfactory  for  use. 
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A  thorough  distillation  includes  reboiling,  filtering,  purify- 
ing and  deodorizing. 

The  course  followed  by  the  exhaust  steam  from  the  exhaust 
pipe  to  the  freezing  can  may  include  the  following  apparatus 
in  order:  Grease  separator,  steam  condenser,  reboiler,  regu- 

FlG.  117. 
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PENNEY'S  PURE  WATER  DISTILLING  APPARATUS. 

lating  tank,  hot  filter,  distilled  water  cooler,  cold  filter,  distilled 
water  storage  tank,  supplemental  filter,  and  ice  can  filler.  The 
couAe  outlined  may  be  followed  by  reference  to  Fig.  117. 


AUXILIARY    APPARATUS. 


Among  the  auxiliary  apparatus  may  be  mentioned  a  geared 
hand  hoist  and  traveling  crane,  and  an  automatic  ice  can 
dump,  shown  in  Figs.  118  and  119  respectively. 
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Fig.  118. 


HAND  HOIST  AND  TRAVELING   CRANE. 


Fig.  119. 


17 


AUTOMATIC  ICE  CAN  DUMP. 


CHAPTER  VIII. 

THE  CARBONIC  ANHYDRIDE  SYSTEM. 

J.  <&  E.  HALL  SYSTRlif. 

The  carbonic  arihydride  system  of  artificial  refrigeration 
as  produced  by  the  J.  &  E.  Hall  Company  of  England  is  well 
described  by  a,  member,  of  the  company,  Mr.  E.  Hesketh,  M. 
Inst.  C.  E.,  in  a  paper  read  before  the  British  Association, 
from  which  we  largely  quote : 

"  In  1889  the  author,  in  conjunction  with  his  co-directors  in 
the  company  of  J.  &  E.  Hall,  Limited,  of  Dartford,  Kent,  in- 
troduced their  first  carbonic  anhydride  (COs)  machine,  which 
was  made  to  the  design  and  under  the  patents  of  Mr.  Franz 
Windhausen,  of  Berlin.  Since  then  very  considerable  im- 
provements have  been  made,  and  the  system  is  now  firmly 
established,  and  far  beyond  the  experimental  stage  (as  evi- 
denced by  the  fact  that  during  the  past  twelve  months  129 
machines  of  all  sizes  have  been  supplied  by  the  author's 
company)." 

In  common  with  many  other  refrigerating  machines,  the 
principle  of  action  is  the  vaporization  of  a  volatile  liquid  at  a 
temperature  below  that  of  the  material  to  be  cooled,  the  latent 
heat  necessary  for  vaporization  being  obtained  from  such 
material  which  is  thereby  cooled.  The  resulting  vapor  is 
then  recom pressed  and  brought  back  into  liquid  state,  thus 
completing  the  cycle.     (See  Fig.  120.) 

The  essential  parts  of  a  machine  are : 

An  evaporator,  consisting  of  lengths  of  pipe,  inside  which 
the  carbonic  acid  evaporates,  absorbing  heat  from  the  material 
to  be  cooled  which  surrounds  these  pipes. 

A  compressor,  in  which  the  carbonic  acid  vapor  is  recom- 
pressed  to  such  pressure  as  may  be  required  to  liquefy  it  at 
the  temperature  of  the  cooling  water  available. 

A  condenser,  consisting,  like  the  evaporator,  of  lengths  of 
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pipe  containing  the  carbonic  acid,  and  outside  which  circu- 
lates the  cooling  water  which  carries  off  the  latent  heat  given 
out  during  liquefaction. 

Some  details  of  the  machines  are  as  follows : 

Compressor,  The  compressors  for  the  large  machines  are 
bored  out  of  solid  steel  forgings,  partly  to  secure  strength,  but 
principally  on  account  of  greater  certainty  of  soundness  of  the 
material,  and  to  provide  a  perfect  bore  in  which  may  work  the 
•cup  leathers  with  which  the  pistons  are  provided. 


Fig.  120. 
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DIAQRAM  OF  CARBONIC  ANHYDRIDE  SYSTEM. 

Compressors  of  smaller  machines  are  cast  in  a  special  bronze, 
which  secures  the  two  essentials  of  soundness  and  hardness. 
The  suction  and  delivery  valves  are  identical  for  facilities  of 
interchange. 

Gland.  The  gland  is  made  gas-tight  by  means  of  two  cupped 
leathers  on  the  compressor-rod.  Glycerine  is  forced  into  the 
space  between  these  leathers  at  a  pressure  superior  to  the 
greatest  pressure  in  the  compressor,  so  that  whatever  leakage 
takes  place  at  the  gland  is  a  leakage  of  glycerine  either  into 
the  compressor  or  out  into  the  atmosphere,  and  not  a  leakage 
of  gas.     What  little  leakage  of  glycerine  takes  -place  into  the 
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compressor  is  advantageous,  inasmuch  as  it  in  the  first  place 
lubricates  the  compressor,  and  in  the  second  place  it  fills  up  all 
clearances,  thereby  increasing  the  eflSciency  of  the  compressor. 

The  method  of  obtaining  this  superior  pressure  consists  of 
the  following  device :  A  bored  cylinder  is  fitted  with  a  piston, 
and  connected  with  one  end  of  this  piston  is  a  rod  which 
passes  through  a  gland  in  one  end  of  the  cylinder.  From  the 
other  end  of  the  cylinder  a  connection  is  made  to  the  CO,  con- 
denser, whereby  the  condenser  pressure  is  exerted  on  the  plain 
end  of  the  piston.  Into  the  cylinder  on  the  gland  side  is 
forced  glycerine.  Owing  to  the  diflFerence  in  area  of  the  two 
sides  of  the  piston,  a  greater  pressure  per  square  inch  of 
glycerine  is  required  to  keep  the  piston  in  equilibrium.  A 
connection  is  made  from  the  glycerine  space  to  the  space  be- 
tween the  leathers  in  the  compressor  gland. 

In  order  to  replace  the  glycerine  which  leaks  out  of  the 
glycerine  lubricator,  there  is  a  small  hand  hydraulic  pump,  a 
few  strokes  of  which  are  required  to  be  made  every  four  or 
five  hours,  as  may  be  indicated  by  the  position  of  the  glycerine 
piston  rod.  This  form  of  gland  is  now  in  constant  use  on 
nearly  300  machines. 

Separaior.  Any  glycerine  which  passes  into  the  compressor, 
beyond  what  is  necessary  to  fill  the  clearance  spaces,  is  dis- 
charged with  the  gas  through  the  delivery  valves.  In  order 
to  prevent  this  passing  into  the  condenser  coils,  all  the  gas  is 
delivered  into  a  separator,  and  made  to  impinge  against  the 
sides  of  this  vessel.  The  glycerine  adheres  to  the  sides  and 
drains  to  the  bottom  of  the  vessel,  whence  it  is  drawn  off  from 
time  to  time ;  meanwhile,  the  compressed  gas  passes  off  by  an 
opening  at  the  top  on  its  way  to  the  condenser. 

It  may  here  be  remarked  that  glycerine  has  no  aflSnity  for 
CO  a.  Hence  it  undergoes  no  change  in  them  achine,  and  there 
is  therefore  no  fear  of  the  coils  becoming  clogged  by  any  small 
amount  of  glycerine  which  might  be  carried  over  in  spite  of 
the  separator. 

Condetiser.  This  consists  of  coils  of  wrought-iron'h3'draulic 
pipe,  usually  of  W  in.  bore,  which  are  either  placed  in  a  tank 
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and  surrounded  by  water,  or  are  arranged  so  that  water  trickles 
over  them,  forming  the  well-known  atmospheric  condenser. 
These  coils  are  welded  together  iivto  such  lengths  as  to  avoid 
altogether  any  joints  inside  the  tank,  where  they  would  be  in- 
accessible. The  welding  of  these  pipes  is,  by  the  way,  per- 
formed by  the  electrical  method,  which  gives  very  good  and 
reliable  results. 

In  connection  with  the  condenser,  one  very  important  ad- 
vantage of  CO 2  machines  is  apparent,  for  as  CO 2  has  no  chem- 
ical action  on  copper,  in  the  numerous  cases  where  sea  water 
only  is  available  for  condensing  purposes,  that  metal  is  used 
in  the  construction  of  the  coils. 

Evaporator.  This  also  consists  of  nests  of  wrought-iron  hy- 
draulic pipes  welded  up  into  long  lengths,  inside  which  the 
CO  a  evaporates.  The  heat  required  for  evaporation  is  usually 
obtained  either  from  brine  surrounding  the  pipes,  as  in  cases 
where  brine  is  used  as  the  cooling  medium,  or  else  from  air 
surrounding  the  pipes,  as  in  cases  where  air  is  required  to  be 
cooled  direct. 

Regulaiing  Valve.  Between  the  condenser  and  evaporator 
there  is  a  regulating  valve  for  adjusting  the  quantity  of  the 
liquid  CO  2  passing  from  the  condenser. 

Safety  Valve.  In  order  to  enable  the  compressor  to  be 
opened  up  for  examination  of  valves  and 
piston  without  loss  of  CO  2,  it  is  necessary 
to  fit  a  stop  valve  on  the  suction  and 
delivery  side,  so  as  to  confine  the  CO 2  to 
the  condenser  and  evaporator.  It  is,  of 
course,  possible  for  a  careless  attendant 
to  start  the  machine  again  without  open- ' 
ing  the  delivery  valve,  and  in  such  case 
an  excessive  pressure  would  be  created  in 
the  delivery  pipe,  from  which  there  would 
be  no  outlet.  To  provide  against  this 
danger  a  safety  device  is  adopted,  con- 
sisting of  an  ordinary  spring  safety  valve, 
at  the  base  of  which  is  a  thin  copper  disc,  which  is  designed  to 
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burst  at  a  pressure  of  1,950  pounds.  This  disc  is  made  per- 
fectly gas-tight,  an  object  which  could  not  be  obtained  by  the 
spring  safety  valve  alone,  and  the  latter  only  comes  into  play 
when  the  disc  is  ruptured.  Great  care  is  necessarily  exercised 
in  making  the  discs,  to  provide  against  variation  in  strength 
due  to  any  variation  either  in  the  thickness  or  hardness  of  the 
copper  sheets  out  of  which  the  discs  are  made,  and  it  is  the 
practice  to  test  every  disc  by  hydraulic  pressure  up  to  1,350 
pounds,  and  to  burst  one  disc  in  every  12,  recording  the 
pressure  at  which  it  is  ruptured. 

JoinU.  With  regard  to  the  joints  to  withstand  the  high 
pressures,  those  which  are  not  subject  to  a  high  temperature 
can  be  made  absolutely  tight  with  any  suitable  material,  such 
as  leather,  but  with  the  hot  joints  trouble  was  at  first  exper- 
ienced ini  getting  a  material  to  withstand  the  heat,  and  also 
with  the  necessary  elasticity  to  insure  the  joint  being  perfectly 
tight,  not  only  when  it  is  hot,  but  also  when  it  is  cold.  Thi& 
has  been  entirely  overcome  by  the  adoption  of  joining  rings 
turned  out  of  a  copper  alloy,  which  completely  fulfills  the  re- 
quirements of  the  case.  The  absolute  tightness  of  all  joints  is 
effectually  tested  by  brushing  them  over  with  soap  and  w^ater,. 
the  slightest  leak  being  thereby  discovered. 

Testing  Parts,  Very  careful  tests  are  carried  out  by  the 
company  to  insure  perfect  soundness  of  all  parts  subject  to  the 
gas  pressure.  The  working  pressure  varies  from  about  750 
pounds  per  square  inch  in  temperate  climates,  with  water  at 
50  degrees  Fahrenheit,  to  about  1,125  pounds,  with  water  at 
84  degrees,  as  is  usual  in  the  tropics.  This  is,  of  course,  some- 
times exceeded  in  exceptionally  hot  localities.  Owing  to  the 
very  small  diameter  of  all  parts,  even  in  large  machines,  there 
is  no  difficulty  in  securing  a  very  ample  margin  of  strength. 
All  parts  of  machines  subject  \o  the  pressure  of  the  COj  are, 
in  the  first  place,  tested  for  strength  by  hydraulic  pressure  to 
3,000  pounds  per  square  inch,  and  they  are  then  again  tested 
while  immersed  in  warm  water  by  air  to  1,350  pounds  per 
square  inch,  whereby  the  slightest  porosity  which  might  exist 
in  any  of  Jhe  materials  is  at  once  detected  bj'  air  bubbles 
ascending  through  the  water. 
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TYPES   OF   MACHINES. 

The  machines  are  made  in  37  different  sizes  aud  designs  to 
suit  the  various  requirements. 

The  large  single-type  machines  are  usually  arranged  with 
compound  steam  cylinders  arranged  tandem,  and  driving  by 
a  tail-rod  the  CO,  compressor,  the  tanks  containing  the  con- 
denser and  evaporator  being  separated  from  the  machine. 

Fig.  122. 


SMALL  VERTICAL  MARINE  TYPE  MACHINE. 


The  large  duplex  machines  are  arranged  with  triple-ex- 
pansion engines,  the  high  and  intermediate  cylinders  being 
on  one  side,  and  the  low-pressure  cylinder  on  the  other,  the 
two  compressors  being  driven  by  tail-rods  from  these  cylinders. 
In  connection  with  each  CO  a  compressor  is  a  condenser  and 
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evaporator,  so  that  there  are  two  quite  complete  and  inde- 
pendent CO  9  systems.  The  steam  condenser  is  arranged  in 
the  front  part  of  the  bed. 

The  smaller  duplex  machines  are  similar  to  the  above, 
but  with  compound  steam  cylinders,  and  the  COt  condenser 
coils  are  fitted  in  the  bed  of  the  machine,  making  a  compact 
arrangement. 

Fig.  123. 


SMALL  LAND  TYPE  MACHINE. 


This  duplex  machine  is  also  made  of  the  vertical  type  in 
the  smaller  sizes. 

The  small  vertical  marine  type  machine  consists  of  a  single 
vertical  steam  cylinder  with  compressor  arranged  alongside  of 
it,  both  secured  to  a  casting  containing  the  condenser  coils, 
which  are  made  of  copper,  and  behind  this  casting  is  another 
secured  to  it,  containing  the  evaporator  coils,  the  whole  mak- 
ing a  very  compact  and  accessible  design.     Fig.  122. 
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The  smaller  land  type  machine  consists  of  a  rectangular 
«ast-iron  tank,  with  which  is  cast  the  frame  carrying  the  com- 
pressor. Inside  the  rectangular  tank  are  the  condenser  coils, 
and  inside  them  again  is  a  double  tank  with  insulation  be- 
tween, and  the  evaporator  coils  in  the  center.  This  type  of 
machine  is  sometimes  arranged  with  horizontal  steam  engine 
attached  at  one  side  of  the  main  casting  and  driven  on  to  the 
end  of  the  crank-shaft.     Fig.  123. 

In  all  designs  the  condenser  and  evaporator  coils  are  made 
of  long  lengths  of  pipe  without  joint,  so  that  there  are  no 
joints  whatever  that  are  inaccessible. 

PERFORMANCE  OF   MACHINES. 

The  duty  of  all  refrigerating  machines  varies  with  the  range 
of  temperature  through  which  the  agent  is  caused  to  pass  in 
its  cycle.  Thus  the  British  thermal  units  abstracted  by  a 
machine  of  given  size,  will  be  greater  the  less  the  range  of 
temperature,  and  vice  verm,  and  this  variation  in  efficiency 
varies  with  diiBTerent  materials  used  as  the  refrigerating 
agent. 

Trials  of  one  of  three  machines  erected  in  London  gave  the 
following  results : 

Each  machine  has  one  double-acting  compressor,  and  the 
motive  power  consists  of  a  single-cylinder  steam  engine,  15 
inches  in  diameter  by  24-inch  stroke,  the  compressor  piston 
being  driven  by  a  tail-rod.  When  running  at  65  revolutions, 
this  machine  eliminated  519,795  British  thermal  units  when 
cooling  water  from  64.6°  Fahr.  The  initial  temperature  of 
the  water  uised  in  the  condenser  was  64.4°  Fahr.,  and  the  out- 
let 77.55°  Fahr.,  a  considerable  rise*  due  to  the  restricted 
quantity  of  water  used. 

The  indicated  horse-power  of  the  steam  cylinder  was  37.13, 
but  from  this  has  to  be  deducted  the  power  required  for  driv- 
ing a  water  pump  estimated  at  3.128. 

The  engine  is  non-condensing,  working  with  a  steam  pressure 
of  60  pounds,  and  a  back  pressure  of  some  five  pounds  above 
the  atmosphere,  the  waste  steam  being  used  for  heating,  so  the 
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size  of  cylinder  is  larger  than  would  ordinarily  be  required  for 
the  duty  obtained. 

It  is  to  be  noted  that  the  figures  are  obtained  from  a  ma- 
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chine  in  ordinary  work,  and  not  from  one  specially  arranged 
for  testing  purposes.  No  doubt  stirring  gear  in  the  condenser 
and  evaporator,  to  cause  great  rapidity  of  flow  of  water  over 
the  coils,  would  increase  the  eflSciency. 
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Several  tests  were  made  at  different  times  of  a  nominal  4-ton 
ic6-machine,  the  first  machine  made  by  the  company  in  1889. 
The  machine  was  tested  making  ice  with  inlet  cooling  water 
at  five  different  temperatures,  viz. :  52^,  75°,  85°,  90°  and 
100°  Fahr.  Each  test  extended  over  some  days,  during . 
which  careful  records  were  kept,  the  ice  accurately  weighed, 
and  the  steam  engine  indicated.  The  following  is  an  epitome 
of  the  results  obtained  : 


Inlet  Cooling 

Ice  Produced 

Indicated  Horse- 

Water. 

per  24  Hours. 

power  of  Steam 

Beg. 

Lbs. 

Engine. 

52 

9,860 

15.62 

75 

7,882 

16.03 

85 

6,000 

17.48 

00 

6^408 

19.31 

100 

4,536 

20.44 

Curves  made  up  in  accordance  with  these  values  are  shown 
in  Figs.  124  and  125. 

Besides  driving  the  compressor,  the  engine  had  to  work 
both  water  and  brine  pumps,  and  an  air  pump,  and  stirring 
gear  in  the  brine  cooler.  The  water  put  into  the  ice  moulds 
was  in  each  experiment  at  the  same  temperature  as  the  inlet 
condensing  water. 

A  test  was  made  of  another  machine  cooling  water  from  50^ 
Fahr.,  while  the  condensing  water  was  gradually  increased 
from  61°  to  100°.  The  results  show  the  British  thermal  units 
abstracted  per  hour  varying  from  49,875  with  condensing 
water  at  60°  Fahr.  to  24,867  with  condensing  water  at  100° 
Fahr. 

HARMLESSNESS   OF    CARBONIC    ANHYDRIDE. 

The  use  of  any  refrigerating  agent  requires  also  to  be  con- 
sidered from  the  point  of  view  of  its  effect  upon  human  health 
and  life ;  for  whatever  material  used,  there  will  be  times  when 
an  escape  occurs  into  the  engine  room,  e.  g.y  when  the  com- 
pressor is  opened  up  for  inspection  of  valves,  etc. 

In  this  connection  it  is  sufficient  to  say  that  it  is  a  common 
practice  in  the  workshops,  after  testing  a  carbonic  anhydride 
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machine,  to  blow  out  the  whole  charge  of  CO,  without  the 
least  inconvenience  being  experienced  by  the  workmen. 


COj  FLASKS. 

As  far  as  cylinders  for  conveying  CO,  are  concerned,  danger 
can  only  occur  from  two  causes :  (1)  insuflBcient  strength  to 
stand  the  normal  strain  of  the  contained  gas;  or  (2)  over- 
charging, and  consequent  abnormal  strain. 

1.  With  regard  to  the  first,  a  method  of  testing  which  is 
now  applied  to  CO,  flasks,  whereby,  when  the  proof  strain  is 
put  on,  any  permanent  set  due  to  straining  beyond  the  elastic 

limit  is  at  once  detected.  The  cylinder 
undergoing  the  test  is  encased  in  a 
closed  water  jacket,  from  which  rises  a 
long  glass  \ube  of  small  bore  with  open 
end.  As  the  cylinder  expands  under 
the  test  pressure,  the  water  rises  in  the 
glass  tube,  and  when  the  pressure  is  re- 
lieved the  water  in  the  tube  returns  to 
its  original  level  unless  any  permanent 
set  has  taken  place. 

Cylinders  for  carrying  liquid  CO, 
are  tested  to  3,000  pounds  per  square 
inch. 

2.  The  overcharging  of  cylinders  is  always  a  possible  con- 
tingency, though  it  is  due  to  the  manufacturers  to  say  that 
they  take  every  precaution  to  prevent  such.  The  possibility 
should,  however,  be  guarded  against. 

In  order  to  prevent  the  possibility  of  undue  pressure  occur- 
ring, there  is  introduced  into  the  cylinder  valve  a  safety  disc, 
(Fig.  126)  which,  whether  the  valve  is  open  or  closed,  is  always 
exposed  to  the  pressure  in  the  cylinder,  and  forms,  in  fact, 
a  weak  point  which  will  relieve  any  excessive  pressure. 


VIEW  OF  CYLINDER  OR 

TANK  VALVE  WITH 

SAFETY  DISC. 


CHAPTER  IX. 

THE  CARBONIC  ANHYDRIDE  SYSTEM. 

KROESCHELL    BROTHERS. 

Messrs.  Kroeschell  Brothers,  of  Chicago,  III.,  produce 
several  styles  and  sizes  of  refrigerating  machines  operating 
with  carbonic  anhydride  and  also  all  that  goes  with  a  com- 
plete plant  for  ice-making  and  refrigerating. 

The  machine  "  is  patented  in  all  the  progressive  countries 
on  the  globe,  and  is  in  successful  operation  on  land  and  sea, 
in  tropical  and  northern  countries,  in  fact  everywhere  where 
human  necessities  and  the  demands  for  the  comforts  of  life 
require  the  service  of  a  reliable  ice  and  refrigerating  machine." 

STUFFING   BOX. 

The  patent  referred  to  is  l^edlacek's  patent  on  details  of  the 
stuffing  box. 

The  construction  of  the  stuffing  box  has  received  the  most 
careful  consideration,  and  is  to-day  so  highly  developed  that 
it  requires  no  special  care.  A  special  oil,  which  has  demon- 
strated its  excellent  qualities  as  a  lubricant  and  sealer  is  used 
for  this  purpose,  and  by  a  very  ingenious  arrangement  the 
stuffing  box  is  relieved  of  all  gas  pressure.  A  continuously 
working  pump  controls  the  pressure.  It  seals  the  stuffing  box 
thoroughly  with  oil,  and  prevents  the  loss  of  gas  through  the 
stuffing  box. 

The  pump  is  so  constructed  that  only  the  required  amount 
of  oil  is  pumped  into  the  stuffing  box,  so  there  is  no  waste  of 
same. 

Whatever  leakage  does  take  place  through  the  stuffing  box 
is  a  leakage  of  oil  and  not  of  gas,  and  the  small  leakage  of  oil 
into  the  cylinder  is  advantageous,  inasmuch  as  it  lubricates 
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the  compressor  in  the  first  place,  and  in  the  second  place  it 
fills  up  all  clearances,  so  that  the  full  volume  of  gas  is  dis- 
charged at  every  stroke. 

SEPARATOR. 

Any  oil  which  passes  into  the  compressor  beyond  which  is 
necessary  to  fill  up  the  clearance  spaces,  is  discharged  with 
the  gas  through  the  delivery  valves.  In  order  to  prevent  this 
going  into  the  system,  all  the  liquid  passes  through  a  sep- 
arator, in  which  the  oil  drains  to  the  bottom,  whence  it  is 
drawn  oflF  from  time  to  time. 

It  may  be  remarked  here  that  this  oil  has  no  aflBnity  for 
carbonic  anhydride,  hence  it  undergoes  no  change  in  the 
machine,  and  there  is  no  chance  of  the  condenser  coils  be- 
coming clogged  up. 

CONSTRUCTION  OF  THE  CARBONIC  ANHYDRIDE  MACHINE. 

Compressors  above  two  tons  daily  refrigerating  capacity  are 
of  the  horizontal,  double-acting  type.  The  cylinder  is  made 
of  semi-steel,  and  has  a  return  gas  chamber  through  which 
the  cold  return  gas  passes.  It  enters  this  chamber  at  a  tem- 
perature sufficiently  low  to  remove  the  heat  of  compression 
from  the  compressing  cylinder,  keeping  the  same  at  a  uniform 
temperature,  and  thereby  preserving  the  piston  packing.  The 
return  gas  chamber  also  adds  to  the  strength  of  the  compres- 
sing cylinder,  as  it  relieves  the  same  of  a  greater  part  of  its 
strain,  because  the  pressure  of  the  return  gas  without  the 
cylinder  is  nearly  the  same  as  the  pressure  within  the  cylin- 
der, according  to  the  formula  "  surface  times  pressure,"  hence 
the  strain  on  the  material  of  the  compression  cylinder  is 
almost  entirely  eliminated,  and,  therefore,  a  bursting  is  out  of 
the  question.  The  working  pressure  varies  from  about  50  to 
70  atmospheres.  Owing  to  the  very  small  diameter  of  all 
parts,  even  in  large  machines,  there  is  no  diflBculty  in  secur- 
ing an  ample  margin  of  strength.  It  should  be  readily 
apparent  that  a  high  pressure  in  a  small  cylinder  is  even  less 
dangerous  than  a  relatively  lower  pressure  in  a  larger  cylin- 
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der.  All  parts  subject  to  the  pressure  of  carbonic  anhydride 
are  tested  to  three  times  the  working  pressure,  thus  giving 
perfect  safety. 

Pistons  are  made  of  the  best  forged  steel,  with  rod  tempered 
so  that  there  will  be  no  wear,  and  consequently  no  leakage  of 
gas  through  the  stuflSng  box  on  account  of  a  worn  and  faulty 
piston  rod.  The  shaft,  crank,  pins,  connecting  rod  and  valves 
are  also  made  of  solid*  steel  forgings,  and  are  interchangeable. 

Fig.  127. 


STANDARD  PATTERN  OF  HORIZONTAL    DOUBLE-ACTING   COMPRESSOR- 
CARBONIC  ANHYDRIDE  SYSTEM. 

KroescheU  Bros. 

Machines  of  this  type  are  shown  in  Figs.  127  and  128. 
The  former  shows  the  style  of  machine  used  for  the  larger 
capacities,  while  the  latter  shows  the  marine  type,  built  from 
two  to  ten  tons  capacity. 


SAFETY. 


In  communication  with  the  high-pressure  side  is  a  safety 
valve  for  the  purpose  of  insuring  the  cylinder  against  acci- 
dents of  any  kind.     This  safety  valve  is  placed  in  the  high 
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pressure  channel,  between  the  gas  discharge  valves  and  the 
discharge  stop  valve,  which  is  fitted  to  the  delivery  side  of  the 
compressor.  The  purpose  of  this  valve  is  two-fold.  It  will 
relieve  the  cylinder  and  also  the  system  of  a  pressure  that  has 
risen  above  the  normal  in  case  of  a  fire  or  through  lack  of 
condenser  water,  and  it  will  also  guard  against  carelessness  of 
the  operator  who  attempts  to  start  the  machine  without  open- 
ing the  discharge  stop  valve.  As  the  action  of  the  safety  valve 
is  accompanied  by  a  loud  report,  it  will  direct  the  attention  of 
the  operator  towards  the  machine,  so  that  no  great  loss  of  gas 
can  occur.  The  safety  valve  consists  of  a  housing,  at  the 
base  of  which  is  a  thin  disc,  which  is  designed  to  blow  off  at  a 
pressure  considerably  below  that  to  which  the  machines  are 
tested. 

Each  side  of  the  cylinder  is  fitted  with  a  stop  valve,  so  that 
the  cylinder  may  be  opened  up  at  any  time  for  inspection  of 
the  piston  without  pumping  back  or  any  of  the  other  prepara- 
tions necessary  with  ammonia  machines. 

"  NORTH  POLE  MACHINES." 

Fig.  129,  represents  No.  1,  No.  2  and  No.  3  North  Pole 
Miniature  Ice  and  Refrigerating  Machines.  These  machines 
consist  of  two  vertical  single-acting  compressors  located  inside 
the  condenser  tank. 

The  cylinders  are  made  of  semi-steel,  and  are  provided 
with  patented  stuflBng-box,  sealed  with  glycerine.  Each 
cylinder  has  a  suction  and  discharge  valve,  all  located  at  the 
top  of  a  joint  cylinder  head,  which  makes  them  easily  acces- 
sible. The  valves  are  made  of  forged  steel,  are  of  special 
design,  and  combine  strength  with  lightness.  On  one  side  of 
the  cylinder  head  is  the  filling  valve,  which  can  be  easily  con- 
nected by  means  of  a  short  pipe  with  the  Carbonic  Anhydride 
drum,  now  in  common  use.  The  suction  pipe,  as  well  as  the 
condenser  coil,  has  stop  valves,  so  that  the  suction  and  dis- 
charge valves  in  the  cylinder  head  can  be  examined  without 
loss  of  gas. 

The  condenser,  which  consists  of  a  spiral  coil  made  of  extra 
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strong  iron  pipe  surrounding  the  compressor,  is  connected  on 
one  end  with  the  discharge  side  of  the  same,  while  the  other 


FlQ.  129. 
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NORTH   POLE  MINIATURE  ICE  AND  REFRIGERATING  MACHINE. 

Front  View. 

end  is  connected  with  the  combined  separator  and  liquid  re- 
ceiver, located  on  the  back  of  frame. 
18 
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The  bearings  of  the  crank  shaft  are  incorporated  in  the  cast 
iron  frame  supporting  the  condenser  tank.  The  double-throw 
crank  shaft  actuates  the  compressor  pistons  by  means  of  strong 
yokes  having  guides  on  the  lower  side,  thereby  doing  away 
with  the  long  connections  otherwise  made  necessary,  by  con- 
necting rods  and  cross-heads,  making  the  compressor  a  com- 
pact, strong  and  simple  machine.  The  double-throw  crank 
shaft  is  of  forged  steel  overhanging  one  side  of  the  frame  to 
receive  the  band  wheel  and  loose  pulley. 

The  receiver  is  a  strong  wrought-iron  cylinder  with  a  stop 
valve  located  on  top,  and  blow-off  cock  on  the  bottom.  By 
means  of  the  latter,  the  glycerine  carried  over  from  the  cylin- 
der can  be  drawn  off. 

On  the  top  of  the  condenser  tank  is  a  gauge  mounted  upon 
a  three-way  valve,  connecting  same  either  with  the  compres- 
sion or  suction  side  of  the  machine. 

On  the  side  opposite  to  the  pulleys  is  a  small  hand  pump^ 
by  operating  which  the  cylinders  are  lubricated.  All  these 
machines  are  fitted  with  a  safety  valve,  so  that  even  the  pos- 
sible neglect  or  ignorance  of  the  attendant  is  provided  against^ 
and  nothing  in  the  nature  of  an  accident  can  possibly  occur. 

All  these  machines  are  fitted  with  an  automatic  lubricating 
device. 

These  machines  are  very  compact,  and  are  shipped  ready 
to  be  started  into  immediate  operation,  upon  making  the 
necessary  belt  and  pipe  connections.  They  may  be  operated 
either  by  steam  power,  electric  power,  gas  engines,  or  in  fact 
almost  any  form  of  power  generating  machinery.  They  are 
also  built  direct  connected  with  a  vertical  steam  engine  or 
geared  electric  motor. 

APPLICATION  AND  PLANS  OF  OPERATION. 

Here  would  be  included  practically  the  entire  list  of  uses  of 
mechanical  refrigeration  and  methods  of  application,  among 
which  may  be  mentioned  direct  expansion  ;  forced  brine  circu- 
lation ;  cold  air  circulating  system  ;  can  ice-making ;  plate 
ice-making ;  marine  refrigerating ;   cold  storage ;  restaurants 
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and  hotels ;  butcher  shops,  see  Fig.  130  ;  milk  cooling ;  water 
cooling ;  and  breweries. 


COLD  AIR  CIRCULATING  SYSTEM. 

The  circulation  of  cold  air  is  also  considered  an  indirect  sys- 
tem of  refrigeration,  for  the  reason  that  the  air  is  cooled  in 
separate  chambers  on  direct-expansion  cooling  coils  (sometimes 
on  brine  coils),  and  then  circulated  through  the  rooms  by 
means  of  air  ducts  and  fans.     The  velocity  of  the  air  does  not 

Fig.  130. 


MINIATURE    CARBONIC    ANHYDRIDE     REFRIGERATING 
CONNECTION  WITH   A   BUTCHER  SHOP. 


MACHINE     IN 


exceed  30  feet  per  second,  so  that  a  gentle  circulation  exists  in 
the  rooms,  which  is  admirably  adapted  to  the  preserving  of 
goods,  especially  eggs,  meats,  butter,  cheese  and  vegetables. 
An  arrangement  to  change  the  air  whenever  necessarj^  and  to 
expel  vitiated  air,  is  provided  for,  so  that  the  air  in  the  rooms 
is'  always  fresh  and  pure.  The  rooms  refrigerated  by  this  sys- 
tem are  free  from  dampness  and  foul  odors,  and  it  is  said  that 
meats  subject  to  air  cooling  are  very  rapidly  chilled,  and  that 
the  shrinkage  of  goods  is  less  than  with  any  other  system. 
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Fig.  132. 


GENERAL  ARRANGEMENT  OF  A  MODERN  COLD- AIR  CIRCULATING  PLANT. 
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This  system  also  has  the  advantage  of  arranging  the  expan- 
sion ooils  in  a  compact  manner,  which  allows  an  easy  control 
of  valves  and  temperatures.  It  has  found  great  favor  with  the 
authorities  of  large  cities  conducting  their  own  slaughter 
houses,  especially  in  Germany,  and  reports  of  elaborate  and 
exhaustive  tests  show  admirable  efficiency  and  economy. 

In  the  United  States,  however,  this  system  is  in  use  only  to 
a  limited  degree  though  there  is  noticeable  at  present  a  ten- 
dency to  look  into  its  merits  more  fully. 

The  reason  for  the  conservative  adherence  of  the  large  re- 
frigerating corcerns  to  the  old  brine,  and  more  recently  to  the 
direct  expansion  system,  may  again  be  found  in  the  fear  that 
a  leaky  joint  may  saturate  the  circulating  air  with  the  destruc- 
tive ammonia  vapors,  and  so  cause  enormous  damages  in 
every  room. 

Carbonic  anhydride  refrigerating  machinery  is  free  from 
this  danger,  and  is,  therefore,  well  adapted  for  the  cold-air 
circulating  system. 

The  illustration,  Fig.  132,  shows  a  diagram  of  a  cold-air 
circulating  plant.  The  independent  air  coolers  are  composed 
of  a  system  of  direct  expansion  pipes,  calculated  for  a  certain 
amount  of  work,  and  so  arranged  that  the  connections  are 
made  outside  of  the  coolers.  The  coolers  are  accessible  and 
provided  with  light  and  a  window  for  observing  the  freezing 
and  thawing  of  the  pipes  without  entering  the  cooler.  Each 
cooler  is  provided  with  a  large  valve  for  regulating  the  air 
passage  and  for  closing  oflF  for  thawing. 

Warm  air  contains  a  greater  percentage  of  moisture  than 
cold  air.  This  moisture  will  be  deposited  on  the  cold  direct 
expansion  pipes,  and  must  be  thawed  off  from  time  to  time. 

Large  fans  take  care  of  the  circulation  of  the  cold  air,  and 
force  the  same  through  the  two  main  inlet  ducts,  running 
along  both  sides  of  the  room,  while  the  suction  duct,  located 
in  the  center  of  the  room,  carries  back  the  air  to  the  coolers  to 
be  re-cooled. 

In  order  to  renew  the  air  from  time  to  time,  a  heat  ex- 
changer is  employed.  The  exchange  circulation  is  produced 
by  fans,  and  in  such  a  manner  that  the  incoming  air  is  fore- 
cooled  by  the  outgoing  spent  air. 
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THE  COMPRESSED  AIR  SYSTEM. 


THE    ALLEN    DENSE-AIR   ICE    MACHINE. 

The  Allen  dense-air  ice  machine  is  a  machine  which  has 
with  satisfaction  and  safety  been  placed  in  the  main  engine 
room  of  a  steamer,  and  is  attended  by  the  regular  engineers, 
along  with  their  work,  while  the  meat  room  is  in  a  distant, 
convenient  portion  of  the  vessel.  Thus  it  avoids  the  nuisance 
of  carrying  specialists,  who  generally  manage  to  escape  the 

Fio.  133. 


ALLEN  DENSE-AIR  ICE  MACHINE. 


control  of  the  chief  engineer.  It  contains  only  common  air, 
at  reasonable  pressures,  and  only  machinery  similar  to  usual 
steam-engine  machinery,  and  there  are  no  auxiliary  pumps  or 
other  machinery  outside  of  the  ice  machine.  Fig.  133  shows 
a  machine  set  up  complete,  ready  for  use. 
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The  cold  air  is  carried  through  pipes  of  small  size  to  the 
ice-making  room  and  to  the  meat  room,  and  requires  no  man- 
ipulation of  any  kind.  The  filling  of  the  ice  cans  with  water 
and  emptying  the  frozen  ice  blocks  out  of  them,  and  an  occa- 
sional look  at  the  temperature  of  the  meat  room,  is  all  the 
attention  given  to  the  cold  apparatus  outside  of  the  engine 
room. 

The  use  of  these  machines  enables  passenger  steamers  to 
purchase  in  New  York  (the  best  and  cheapest  market)  or  at 
their  home  port  the  meat-supply  for  the  whole  voyage,  includ- 
ing the  return.  Brazilian  steamers  regularly  carried  meat  to 
several  hundred  miles  beyond  Rio  de  Janeiro  and  again  to 
New  York,  spending  seventy  days  virtually  in  the  hottest  por- 
tions of  the  tropics,  and  kept  the  same  in  prime  condition  for 
the  first-cabin  table,  better  than  is  done  on  a  single  voyage 
from  Havana  to  New  York  in  the  usual  icehouse.  The  waste- 
ful and  unpleasant  trimming  of  the  meat  is  done  away  with. 
The  meat-house  is  always  fresh,  pure  and  dry.  Fish,  light 
meats,  game  and  poultry  can  be  kept  for  a  very  long  timie, 
and  can,  therefore,  be  bought  wherever  it  is  most  profitable  to 
do  so.  For  yachts  on  long  voyages  it  is  the  greatest  of  com- 
forts. The  ice-making  apparatus  connected  with  the  system 
supplies  this  commodity  in  sufficient  quantity,  and  many  an 
undesired  landing  for  the  purchase  of  ice  and  provisions  is 
saved.  The  machine  also  saves  a  large  amount  of  weight  and 
space  which  the  ice  would  require. 

The  expense  of  running  the  machine  consists  only  of  steam 
and  oil  and  the  labor  of  oiling  it,  and  is  small. 

Fig.  134  shows  the  arrangement  in  elevation  of  the  various 
parts  of  the  Allen  dense-air  unit,  comprising  all  the  parte  shown 
in  Fig.  135. 

Fig.  135  shows  a  plant  using  the  Allen  dense-air  system, 
excluding  the  evaporator  coils.  These  would,  of  course,  be 
arranged  in  general  as  in  the  case  of  any  direct  expansion 
system. 

The  lettering  of  the  various  parts  of  the  system  corresponds 
to  that  in  the  description  here  given. 
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DESCRIPTION  OF  MACHINE. 

The  Allen  dense-air  ice  machine  consists  of  the  following 
eight  parts : 

A.  The  steam  cylinder,  which  furnishes  the  power  required 
by  the  whole  apparatus. 

B.  The  air-compressor  cylinder,  which  compresses  the  air  to 
about  three  times  the  entering  pressure,  which  compression 
causes  the  air  to  heat  considerably.  The  cylinder  is,  there- 
fore, surrounded  by  a  water  jacket,  in  order  to  keep  the  piston 
packings  from  withering  up. 

C.  A  copper  coil  in  a  bath  of  water.  The  compressed  hot 
air  passing  through  the  coil  cools  to  the  temperature  of  the 
cooling  water. 

CC.  The  return  air  cooler  further  cools  this  compressed  air 
by  means  of  the  cold  air  returning  from  the  meat  house. 

D.  The  expander  cylinder,  to  which  the  cooled  compressed 
air  is  admitted  till  it  fills  one-third  of  the  volume  of  the  cylin- 
der. It  is  then  shut  off,  and  the  piston  continuing  its  passage 
to  the  end  of  the  cylinder,  the  air  is  expanded  to  one-third  the 
compressed  tension  (viz.,  to  the  same  tension  which  it  has  when 
it  enters  the  compressor).  This  expansion  cools  the  air  about 
as  much  as  the  compression  heated  it.  Therefore,  the  air 
leaves  this  cylinder  at  a  very  low  temperature.  This  air  is 
then  discharged  into  a  well-insulated  pipe,  which  conveys  it 
to  the  point  where  the  cold  is  to  be  utilized.  There  the  pipe 
service  is  exposed,  and  the  cold  air  apparently  given  out  by 
radiation,  etc.,  as  heat  is  given  out  by  a  steam  radiator,  and 
after  this  utilization  the  air  is  returned  to  the  machine,  con- 
tinually contained  in  pipes,  and  it  enters  the  compressor  for  a 
new  turn  of  compression,  cooling  and  expansion.  Before  the 
expanded,  refrigerated  air  goes  into  the  conveying  pipe,  after 
leaving  the  expander,  it  passes  through  a  trap  E. 

This  trap  gathers  the  lubricating  oil  used  in  the  cylinder, 
and  also  a  slight  amount  of  snow,  leaving  the  air  very  pure 
and  clean  when  it  runs  through  the  pipes.  The  trap  is  provided 
with  a  heating  pipe,  and  once  in  twelve  or  twenty-four  hours 
this  trap  should  be  warmed  up  and  the  deposits  drawn  off  by 
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the  bottom  cock.  The  machine  is  arranged,  at  the  same  time, 
to  thaw  out  and  blow  into  the  trap  any  possible  frozen  deposits 
from  the  expander  cylinder. 

F.  is  a  common  plunger  water-pump,  which  supplies  the 
cooling  water  from  trap  H  for  the  bath  around  the  copper  coil 
C  and  for  the  water  jacket  of  the  compressing  cylinder  B. 
The  machine  must  be  stopped  if  the  supply  should  fail. 

G.  is  a  small  supplementary  air  pump,  which  at  starting 
primes  the  machine  and  the  run  of  pipes  with  air  to  the 
requisite  pressure,  and  which  replaces  losses  of  air  from  leaks 
through  stuffing  boxes  and  joints. 

H.  is  a  small  trap,  which  extracts  moisture  from  this  newly 
supplied  air,  so  as  to  have  it  enter  the  machine  as  dry  as  pos- 
sible. The  gathered  water  must  be  drawn  off  occasionally 
from  the  bottom  pet-cocks. 

CONDITIONS  OF  OPERATION. 

The  machine  is  constructed  to  use  an  air  pressure  of  60 
pounds  in  the  conveying  and  refrigerating  pipes,  and  the  air 
compressor  compresses  this  to  210  pounds.  If  these  pressures 
cannot  be  maintained,  it  is  an  indication  that  leaks  have  oc- 
curred, and  the  piston  packings,  and  possibly  the  run  of  pipes, 
have  to  be  examined.  If  the  trap  or  any  portion  of  the  run 
of  pipes  is  allowed  to  be  choked  by  frozen  oil  or  snow,  or  by 
closing  of  valves,  the  relation  of  the  pressure  will  be  disturbed. 
The  cylinders  have  to  be  lubricated  by  the  best  quality  of 
mineral  lubricating  oil,  from  which  the  paraffine  has  been  re- 
moved by  freezing. 

The  air-compressor  valves  are  regular  engine  slide-valves, 
moved  by  eccentrics.  The  expander  is  also  similar  to  a  regular 
steam  engine. 

The  piston  packings  in  both  of  these  are  made  of  especially 
prepared  leather. 

Particular  attention  is  to  be  drawn  to  the  necessity  of  a  con- 
stant good  water  supply,  as  the  very  life,  as  well  as  the  eflB- 
ciency  of  the  machine,  depends  upon  it. 
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PRINCIPLE  AND  METHOD  OP  APPLICATION. 

The  working  principle  of  air  ice  machines  is  based  on  the 
creation  of  heat  during  the  compression  of  air,  and  the  creation 
of  cold  to  an  about  equal  amount  during  the  expansion  of  the 
same.  The  machines,  therefore,  consist  of  an  air  compressor, 
which  compresses  the  air  and  passes  it  into  a  cooling  coil  of 
pipe  surrounded  by  circulating  water.  This  removes  the  heat 
of  compression  and  passes  the  compressed  cooled  air  to  the 
expander,  a  regular  cut-off  steam  engine  into  which  the  air  is 
admitted  during  a  portion  of  the  stroke  of  the  piston.  The 
admission  is  then  cut  off  and  the  air  in  the  cylinder  is  ex- 
panded as  the  piston  proceeds  to  finish  its  stroke. 

During  this  expansion  the  air  is  cooled  to  a  very  low  tem- 
perature, and  the  return  stroke  of  the  piston  pushes  it  out,  and 
pipes  convey  it  to  the  place  which  is  to  be  cooled  by  it.  It 
was  usual  to  take  air  from  the  atmosphere  and  to  refrigerate  it 
in  the  above  manner.  A  diflBculty  was  experienced  in  the 
lightness  of  the  air  and  the  low  capacity  for  cold,  which  was 
lost  very  quickly,  and  caused  the  machine  to  be  large  and 
-cumbrous  and  expensive  in  steam,  and  necessitated  it  to  be 
placed  immediately  adjacent  to  the  cold  room. 

This  again  caused  a  special  set  of  engineers  to  have  charge 
of  the  same  unless  the  cold  room  was  placed  adjoining  the 
engine  room.  The  American  air  ice  machine  (Allen  dense- 
air  ice  machine)  was  constructed  to  overcome  these  difficulties, 
and  does  it  in  the  following  manner : 

Instead  of  taking  air  from  the  atmosphere  or  from  a  cold 
room,  and  after  refrigeration  discharging  it  again  into  the 
room,  the  Allen  machine  keeps  a  charge  of  air  of  five  atmos- 
pheres pressure  (sixty  pounds  gauge  pressure)  contained  in 
the  machine  and  the  conveying  and  refrigerating  pipes,  and 
uses  the  same  over  and  over  again,  compressing  it,  cooling  it 
in  a  copper  coil  surrounded  by  circulating  water,  expanding  it 
in  the  expanding  engine,  and  pushing  it,  when  cold,  through 
the  conveying  pipes  to  the  cold  room,  where  it  also  remains 
inside  of  pipes  and  does  its  refrigerating  through  the  surfaces 
of  the  pipes.     Then  it  passes  back  to  repeat  the  performance. 
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As  air  of  five  atmospheres  pressure  contains  five  times  as 
much  cold  as  air  of  atmospheric  pressure,  and  as  it  is  con- 
veyed in  quite  small  pipes,  the  loss  of  temperature  is  small. 
This  makes  it  possible  x  to  have  the  machine  in  the  engine 
room  under  the  care  of  the  engineers  while  they  are  attending 
to  their  regular  duty,  and  to  lead  the  cold  to  any  place  which 
may  be  most  advantageous  to  use  as  the  meat  house  of  the 
vessel.  It  can  also  be  led  to  any  place  where  ice-making  can 
be  attended  to  by  one  of  the  butchers  or  stewards  along  with 
his  other  work,  and  where  the  ice  is  easily  taken  care  of. 

The  only  part,  additional  in  the  Allen  dense-air  ice  machine 
over  the  old  machine  is  the  so-called  primer  pump,  a  simple 
small  plunger  pump  which  compresses  the  atmospheric  air 
into  the  machine  at  the  starting,  and  makes  up  the  losses 
caused  during  the  running  by  leakage  from  stuffing-boxes  and 
pipe  joints.  There  are  also  two  traps  which  remove  lubricat- 
ing oil  and  water  from  the  air  and  keep  it  pure  while  passing 
through  the  pipes. 

As  no  absorbed  water  vapor  has  to  be  cooled  from  the  vapor 
to  the  frozen  state ;  and  as  the  very  much  increased  efficiency 
of  the  dense  air  causes  this  machine  to  be  very  much  smaller 
than  the  old  machine ;  and  as  the  losses  of  temperature  of  the 
air  are  also  very  much  smaller,  a  great  reduction  in  steam 
expenditure  results  (fully  fifty  per  cent.).  No  adjustment  or 
manipulation  of  any  part  is  required  in  order  to  produce  best 
results.  Whenever  the  steam  Sjets  the  machine  going  it  will 
produce  its  cold. 

The  temperature  at  which  the  air  passes  through  the  con- 
veying pipes  is  practically  60°  F.  below  zero. 

VERTICAL    ALLEN    DENSE   AIR    ICE   MACHINE. 

Vertical  machines  operating  on  the  same  principles  as  the 
horizontal  machines  are  made  up  in  two  sizes,  for  onehalf  ton 
and  one  ton,  respectively,  after  the  style  shown  in  Figs.  135 A 
and  135B. 

Data  as  to  the  duty  of  these  machines  and  floor  space  are 
given  herewith : 
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Suitable  easy  daily  work  for  the  half-ton  machine  :  Making . 
150  lbs.  of  ice  and  refrigerating  210  cubic  feet  of  meat  rooms 
to  the  freezing  point  and  cooling  150  gallons  of  drinking 
water,  or  the  equivalent  differently  distributed. 

For  the  one-ton  machine :  Making  300  lbs.  of  ice  and  re- 
frigerating 500  cubic  feet  of  meat  rooms  to  the  freezing  point 
and  cooling  300  gallons  of  drinking  water,  or  the  equivalent 
differently  distributed. 

Floor  room  required :  Half-ton  machine,  3  feet  x  3  feet  6 
inches ;  one-ton  machine,  3  feet  6  inches  x  4  feet  6  inches. 

TEST  OF  AN  ALLEN  DENSE  AIR  ICE  MACHINE. 

In  a  table  given  herewith  are  found  results  of  a  test  on  an 
Allen  Dense  Air  Ice  Machine  on  board  the  U.  S.  S.  Virginia. 

Auxiliary  data  bearing  on  the  refrigerating  effects  produced 
and  the  apparatus  used  to  produce  the  same  are  subjoined 
herewith. 

DATA   ON    REFRIGERATING    EFFECTS. 

Capacity  of  rooms : 

Admiral  and  captain,  365  cubic  feet. 

Junior  and  warrant  oflBcers,  257  cubic  feet. 

Crew,  1228  cubic  feet. 

Ward  room  officers,  501  cubic  feet. 
The  rooms  are  of  irregular  shape. 
Weight  of  ice  blocks  before  melting  out,  16  pounds. 
Capacity  of  scuttle  butts,  each,  J  00  gallons. 

^  DATA   ON   REFRIGERATING   APPARATUS. 

Capacity  of  plant,  3  tons. 
Cylinder  dimensions: 
Steam,  10"  diameter,  14"  stroke. 
Compressor,  9"  diameter,  14"  stroke. 
Expander,  7^  diameter,  14"  stroke. 
The  steam  cylinder  actually  takes  in  about  50  pounds  pres- 
sure and  usual  vacuum  of  auxiliary  condenser. 

The  distribution  of  refrigerating  effect  is  regulated  at  will 
by  valves  in  the  pipes. 
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CHAPTER  XI. 

THE  AMMONIA  ABSORPTION  SYSTEM. 

HENRY   VOGT   MACHINE   CO. 

The  ammonia  absorption  system  of  artificial  refrigeration 
was  introduced  by  F.  Carr^  in  1861.  Taking  into  considera- 
tion the  numerous  systems  of  refrigeration  that  have  come  and 
gone  and  the  limited  number  of  successful  rivals,  it  is  evident 
that  the  field  of  artificial  refrigeration  owes  much\  to  the  ab- 
sorption system.  The  general  principles  involved  in  the  first 
machine  by  Carrd  are  of  course  followed  to-day,  as  there  really 
is  little  chance  for  deviation  in  this  respect.  Alterations  and 
improvements  of  details  however  have  brought  about  a  thor- 
ough transformation,  so  that  the  old  can  hardly  be  recognized 
in  the  new. 

The  Henry  Vogt  Machine  Co.  has  established  its  right  as 
the  representative  company  for  the  absorption  system  of  refrig- 
eration by  d  record  of  constant  improvements  as  suggested  by 
experience  over  a  period  of  a  dozen  years,  inaugurated  by  the 
erection  of  a  machine  that  was  a  success  at  the  start. 

The  descriptions  and  references  given  herewith  apply  to  the 
leading  features  of  the  system  manufactured  by  these  people. 

THE   GENERATOR   OR   RETORT. 

The  generator  or  retort  is  the  part  of  the  system  in  which 
the  separation  of  the  anhydrous  ammonia  from  the  aqua  am- 
monia takes  place.  This  separation  is  brought  about  by  heat. 
In  the  generator  to  be  described,  the  heat  for  this  separation 
is  applied  by  means  of  steam  pipes.     See  Fig.  138. 

In  general  the  apparatus  seems  to  consist  of  a  bank  of  hori- 
zontal cylindrical  tubes  of  considerable  size,  the  number  of 
tubes  in  the  bank  differing  in  the  different-sized  machines, 
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surmounted  at  one  end  by  a  high  column  or  tower.     The  bank 


o 


of  horizontal  tubes  with  the  base  of  the  tower  constitutes  the 
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generator  proper.  The  cylindrical  tubes  referred  to  are  made 
of  extra  grade  of  wrought-iron  lap-welded  pipes.  These  tubes 
receive  the  aqua  ammonia  from  which  the  anhydrous  am- 
monia is  driven  off.  The  heating  surface  within  these  cylin- 
drical chambers  consists  of  from  seven  to  eighteen  lengths  of 
one  and  one-quarter  inch  pipe.  These  lengths  of  pipe  for 
heating  extend  completely  through  the  cylinders,  passing 
through  the  heads  and  projecting  outside.  The  pipes  are 
fitted  to  the  passages  in  the  heads  by  rolling  so  as  to*  make 
them  tight.  At  the  back  end  those  of  each  pair  fit  into  return 
-castings.  By  this  arrangement,  few  joints  or  connections  in 
the  steam  pipe  are  exposed  to  the  ammonia  and  the  pipes  can 
be  readily  removed  and  renewed. 

The  upper  part  of  the  stand-pipe  contains  the  analyzer,  with 
a  series  of  horizontal  separating  pans.  The  lower  part  con- 
sists of  a  series  of  chambers,  one  for  each  horizontal  tube,  and 
consequently  one  above  the  other,  into  which  the  tubes,  re- 
spectively open.  These  chambers  have  connections  to  the 
tower  for  the  passage  of  gas. 

The  top  of  the  stand-pipe  serves  as  the  inlet  for  the  aqua 
ammonia  and  for  the  outlet  for  the  anhydrous  ammonia  gas. 
The  aqua  ammonia  is  delivered  to  the  separating  pans.  From 
the  pans  it  falls  to  the  upper  chamber  in  the  base  of  the  tower. 
From  this  chamber  the  aqua  ammonia  passes  to  the  upper- 
most of  the  horizontal  cylindrical  tubes  into  which  it  opens. 
Being  subject  to  the  heat  in  the  steam  pipes  in  this  tube,  am- 
monia gas  will  be  driven  off  which  will  find  its  way  back  to 
the  top  of  the  tower  and  out  to  the  condenser  proper.  What 
has  been  outlined  for  this  uppermost  cylinder  is  still  further 
extended  in  the  lower  chambers  to  which  the  aqua  ammonia 
is  admitted  in  succession,  the  difference  being  one  of  degree, 
the  ammonia  becoming  of  course  continually  weaker  until  its 
condition  is  such  when  it  arrived  at  the  lowest  tube  that  it  is 
classed  as  weak  liquor.  In  a  generator  of  four  cylinders  the 
aqua  ammonia  drops  from  the  tower  to  the  uppermost  cham- 
ber as  mentioned  and  passes  from  the  chamber  to  the  outer 
end  of  the  cylinder.  By  an  outside  connection,  it  passes 
19 
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thence  to  the  outer  end  of  the  second  cylinder  from  the  top. 
Fig  137  *        Thence    it    passes    to   the 

chamber  connected  to  the 
second  tube.  Passing  to 
the  next  lower  chamber, 
it  flows  along  the  outer 
end  of  the  third  tube. 
From  this  tube  it  passes 
by  an  outside  connection  to 
the  outer  end  of  the  fourth 
tube.  Passing  along  this 
last  tube,  it  enters  the  low- 
est chamber,  from  which  it 
leaves  the  generator. 

The  gas  is  in  each  case 
passed  through  the  cham- 
bers up  into  the  stand-pipe. 
Each  horizontal  cylinder 
has  its  own  heating  sur- 
face,  all  being  connected  in 
series. 

The  desired  result  is  ac- 
complished with  very  little 
steam  pressure,  in  some 
cases  the  pressure  used  be- 
ing 45  pounds  per  square 
inch. 

The  generators  are  tested 
at  500  pounds  pressure. 

THE    rectifier. 

The  rectifier  is  for  the 
purpose  of  rendering  the 
ammonia  anhydrous  by  the 
removal  of  water  or  weak 
liquid.  A  network  of  ver- 
ABsoRBER.  tical  tubcs  carries  the  rich 
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liquid  en  route  to  the  analyzer.  The  surrounding  chamber 
contains  the  ammonia  gas  en  route  to  the  condenser  together 
with  what  liquid  is  carried  over  with  it.  This  liquid  falls  to 
the  bottom  of  the  rectifier,  whence  it  may  be  drawn  oflF  to  the 
generator. 

THE  ABSORBER. 

The  absorber,  see  Fig.  137,  is  made  of  extra-quality  boiler 
steel,  and  contains  a  sufiScient  number  of  tubes  made  from 
special  charcoal  iron.  The  arrangement  of  the  tubes  is  such 
that  they  can  be  cleaned  while  the  machine  is  in  operation. 
The  tubes  are  especially  arranged  to  obtain  an  efficient  cool- 
ing surface,  the  water  entering  below  and  discharging  at  the 
top. 

AUTOMATIC  REGULATOR. 

An  especially  valuable  adjunct  to  the  absorber  is  the  auto- 
matic ammonia  regulator. 

The  function  of  this  apparatus  is  to  ensure  a  uniform  flow 
of  the  weak  liquor  to  the  absorber,  and  accordingly  to  render 
possible  the  automatic  operation  of  the  absorber  and  incident- 
ally of  the  entire  system. 

THE  EQUALIZER. 

The  equalizer  in  an  absorption  plant  is  an  ingenious  ar- 
rangement for  economizing  by  facilitating  an  advantageous 
transfer  of  heat  from  the  weak  liquor  to  the  strong  aqua 
ammonia. 

The  weak  liquor  is  on  its  way  from  the  generator,  where  it 
has  been  subjected  to  heat,  to  the  weak  liquor  tank,  en  route  to 
the  absorber  where  it  is  wanted  cold,  while  the  strong  liquor 
is  en  route  from  the  absorber,  where  it  is  comparatively  cold, 
to  the  generator  where  it  is  to  be  subjected  to  heat.  The  tem- 
perature of  the  weak  liquor  as  it  entei'S  the  equalizer  may  be 
about  281°  Fahrenheit,  while  that  of  the  strong  liquor  may  be 
about  80°  Fahrenheit.  It  is  evident  that  there  is  opportunity 
here  for  a  gain  in  eflfecting  a  transfer  of  heat  as  outlined. 

The  method  in  which  this  idea  is  applied  is  certainly  ideal. 
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It  consists  in  having  the  pipes  for  the  two  liquids  arranged 
one  inside  of  the  other  for  the  straight  lengths.  For  the  re- 
turn or  end  connections  special  fittings  are  used.     The  inner 
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ATMOSPHERIC  CONDENSER,  ZIGZAG  COILS. 

smaller  tubes  pass  outside  and  are  connected  by  semi-circular 
return  bands,  while  the  passages  for  connecting  the  interior  of 
the  outer  tubes  are  directly  across  in  a  straight  line.     A  view 
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of  the  equalizer  described  is  shown  in  Fig.  63,  Part  I,  Chapter 
XVII. 

The  equalizer  is  generally  located  near  the  generator  and 
parallel  to  the  same. 

THE   AMMONIA   CONDENSER. 

The  ammonia  condenser  may  be  either  of  the  submerged 
type  or  the  atmospheric  type.  The  latter  type  is  recommended 
where  the  supply  of  water  is  limited. 

The  submerged  condenser  is  made  of  coils  of  extra-heavy 
pipe  submerged  in  a  steel  tank  and  connected  with  a  flange 
connection  of  special  design  to  headers. 

The  atmospheric  condenser  is  made  of  extra-heavy  pipe, 
made  into  zigzag  coils  of  single  length  to  a  coil.  The  ends 
are  connected  to  a  wrought-iron  header  by  flange  connections. 
These  flanges  are  made  tight  by  means  of  a  recessed  joint 
with  a  gasket.  The  coils  are  so  shaped  and  arranged  that 
they  can  be  readily  cleaned  while  in  operation. 

The  condenser  is  placed  in  a  pan  of  wrought  iron,  which 
collects  all  the  water.  From  this  pan  the  water  passes  to  the 
weak  liquor  tank.     Fig.  138. 

THE   WEAK    LIQUOR   COOLER. 

The  weak  liquor  cooler  is  used  for  the  purpose  of  cooling 
the  weak  liquor  passing  from  the  generator  and  equalizer  to 
the  absorber.  It  is  made  either  of  the  atmospheric  or  sub- 
merged pattern. 

It  is  generally  located  just  below  the  ammonia  condenser 
and  designed  to  utilize  the  water  that  has  been  used  for  the 
cooling  in  the  same.  In  this  way  the  weak  liquor  may  be 
suflBciently  cooled  to  be  admitted  to  the  absorber  with  good 
economy  and  without  especial  inconvenience  or  care. 

THE   STANDARD    AMMONIA    PUMP. 

The  ammonia  pump  is  the  only  mechanically  operating 
part  of  the  plant,  outside  of  the  boiler  room,  where  the  usual 
feed  pump  may  be  found:     Fig.  139. 
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The  oflSce  of  the  pump  is  of  course  to  pump  the  strong  aqua 
ammonia  from  the  absorber  to  the  generator.  An  ordinary 
pump  would  not  do  for  this  purpose,  as  special  precautions 


Fig.  139. 


FIFTY-TON  STANDARD  AMMONIA  PUMP. 

must  be  taken  to  prevent  loss  of  ammonia.  The  usual  speed 
is  from  twenty  to  twenty-four  revolutions  per  minute  for  the 
pump  designed  for  a  fifty-ton  ice  plant. 

DESCRIPTION   OF    AN    ICE   PLANT. 

An  artificial  ice  plant  operated  under  the  absorption  system 
will  now  be  briefly  described.     (See  Figs.  140  and  141.) 

The  principal  apparatus  would  include  a  steam  boiler,  gen- 
erator, exhaust  steam  feed-water  heater,  distilled  water  cooler 
and  storage  tank,  charcoal  filter,  freezing  cans  and  freezing  or 
brine  tank,  thawing  apparatus,  equalizer,  ammonia  condenser, 
expansion  valve,  expansion  coils,  absorber,  ammonia  pump, 
and  feed  pump. 

The  mediums  used  are  water,  brine,  steam  and  ammonia. 

Brine  is  used  in  the  freezing  tank  or  brine  tank  as  a  medium 
for  transferring  the  heat  from  the  freezing  cans  containing  the 
water  to  be  frozen  to  the  expansion  coils. 
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One  branch  from  the  water  supply  carries  water  to  the 
upper  part  of  the  distilled  water  cooler,  in  which  the  distilled 
water  is  cooled  to  a  temperature  of  about  90^  Fahrenheit. 
The  water  used  for  cooling  is  discharged  into  the  sewer. 

Another  branch  of  water  passes  to  the  ammonia  condenser 
for  cooling  purposes,  from  which  it  passes  to  the  weak  liquor 
tank  for  further  duty  in  this  line,  passing  from  this  to  the 
sewer. 

Another  branch  of  water  is  taken  from  the  mains  by  the 
feed  pump  and  forced  through  a  feed-water  heater,  heated  by 
exhaust  steam  from  the  generator  heating  coils,  to  the  boiler. 

The  steam  from  the  boiler  passes  to  the  beating  coils  of  the 
generator,  thence  through  the  feed-water  heater  to  the  upper 
part  of  the  distilled  water  tank,  where  it  is  cooled  by  water  as 
stated  to  about  90°  Fahrenheit.  From  the  upper  part  of  the 
distilled  water  cooler  it  is  passed  to  the  lower  part,  where  it  is 
reduced  to  a  low  temperature  by  coils  with  the  return  gas  from 
the  expansion  coils  on  the  way  to  the  absorber.  From  the 
distilled  water  cooler  the  condensed  steam  is  passed  through  a 
charcoal  filter  to  the  distributing  pipes  for  supplying  the 
freezing  cans.  The  cans  with  ice  are  removed  by  a  conven- 
ient hoist  to  an  automatic  thawing  apparatus  for  releasing  the 
ice  from  the  can.  The  ice  when  released  slides  down  a  slide 
to  a  point  convenient  for  the  handling  of  the  ice  for  shipment 
or  storage. 

As  the  steam  used  in  the  generator  is  not  sufScient  to  sup- 
ply the  distilled  water  required  for  the  ice,  live  steam  is  fed 
directly  from  the  boiler  to  the  distilled  water  cooler  to  make 
up  for  the  deficiency. 

The  course  of  the  ammonia  may  be  conveniently  followed 
by  beginning  with  the  strong  aqua  ammonia  formed  in  the 
absorber  by  the  union  of  the  weak  liquor  and  the  anhydrous 
ammonia  or  ammonia  gas.  From  the  absorber  the  aqua  am- 
monia is  pumped  through  the  equalizer  to  the  upper  part  of 
the  stand-pipe  of  the  generator.  The  weak  liquor  passes  from 
the  lower  part  of  the  generator  through  the  equalizer  to  the 
weak  liquor  tank.     From  this  the  weak  liquor  is  admitted  to 
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the  absorber.  An  automatic  regulator  used  for  regulating  the 
flow  of  weak  liquor  to  the  absorber  is  an  important  adjunct  to 
the  system.  The  anhydrous  ammonia  produced  in  the  gener- 
ator passes  out  at  the  top  of  the  stand-pipe  of  the  generator  to 
the  ammonia  condenser,  where  it  is  condensed  to  the  liquid 
form.  From  the  ammonia  condenser,  the  liquid  anhydrous 
ammonia  is  admitted  by  an  expansion  valve  to  the  expansion 
coils,  where  it  assumes  the  form  of  gas.  These  coils  are  prop- 
erly arranged  in  the  brine  tank  for  cooling  the  brine,  and  thus 
indirectly  freezing  the  water  in  the  freezing  cans. 

From  the  expansion  coils  the  anhydrous  ammonia,  now  in 
the  form  of  gas,  passes  through  a  cooling  coil  in  the  lower  part 
of  the  distilled  water  cooler  to  a  final  completion  of  the  cycle 
by  entering  the  absorber,  where  it  is  again  united  with  the 
weak  liquor  to  form  strong  aqua  ammonia. 

The  simplicity  of  the  method  is  certainly  largely  due  to  the 
fact  that  no  oil  is  used  in  the  system,  so  that  the  steam  may 
be  passed  from  the  generator,  where  it  does  its  work,  directly 
to  the  cooler  without  extensive  cleansing  apparatus. 


CHAPTER  XII. 

THE  AMMOJriA  ABSORPTION  SYSTEM. 
RANSOMBS   <&    RAPIER    SYSTEM. 

The  apparatus  used  in  this  system  has  some  unusual 
features  in  the  structural  details.  The  machine  is  almost 
exclusively  constructed  of  steel,  and  consists  of  five  cylindrical 
vessels  almost  exactly  alike  externally  as  shown  in  Fig.  142 
and  similar  internally.  Besides  these,  there  are  the  small 
circulating  pump  and  the  brine  cooler,  such  as  may  be  em- 
ployed in  any  system. 

The  novelty  lies  in  the  method  of  construction  of  the  cylin- 
ders, both  externally  and  internally. 

METHOD  OF  CONSTRUCTION. 

Ay  Fig.  143,  is  a  wrought  iron  cylinder  having  covers  B  and 
C  bolted  on.  A  cast  iron  header  D  having  a  cover  E  is  bolted 
on  to  the  cover  B.  Wrought  iron  tubes  inclosed  at  one  end  are 
screwed  into  the  cover  5,  and  supported  at  their  other  ends 
by  a  tube  plate  G.  Small  tubes  H  and  K  are  screwed  into 
the  header  D,  and  pass  down  the  center  of  the  tubes  F  almost 
to  their  closed  ends. 

The  condenser,  absorber,  exchanger  and  rectifier  are  all 
constructed  in  this  way.  The  generator  is  also  similarly  con- 
structed, but  the  tubes  F  are  only  in  the  lower  half  of  the 
cylinder  A. 

In  the  exchanger  there  are  two  sets  of  tubes,  one  set  being 
used  for  further  cooling  the  weak  liquor  before  it  enters  the 
absorber. 

In  the  generator,  steam  passes  in  the  tubes  F,  and  in  the 
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condenser,  absorber,  exchanger  and  rectifier,  the  condensing 
water  passes  through  these  tubes. 

Fig.  142. 


100-TON  AMMONIA  ABSORPTION  REFRIGERATING  MACHINE. 


In  all  cases  the  ammonia  pressure  is  in  the  cylinder  A  and 
outside  the  tubes  F, 
The  ammonia  pump  is  direct  acting  steam  driven.     It  has 
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an  extra  long  stuflBng-box  so  arranged  that  any  leakage  from 
the  first  stuflBng-box  is  carried  back  into  the  suction.  The 
valves  are  of  vulcanite  and  easily  renewable. 

It  should  be  borne  in  mind  that  this  pump  is  only  required 
for  pumping  ammonia  liquor,  and  not  ammonia  gas,  as  in  the 
compression  machine.  Only  a  very  small  pump  is  required, 
being  about  ^V  ^^  ^he  capacity  required  for  a  compression 
machine. 

Fig.  143. 
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DIAORAM  OF  CONSTRUCTION  OF  CYLINDRICAL  CHAMBERS. 

The  gauge  fittings  for  showing  the  level  of  the  ammonia  in 
the  different  vessels  are  made  to  close  automatically  in  the 
event  of  a  glass  breaking. 

DIAGRAM  OF  OPERATION. 

The  diagram  of  operations  is  shown  in  Fig.  1,  and  was 
explained  in  detail  in  Part  I,  Chapter  II,  to  which  attention 
is  called  for  this  important  feature. 


DETAILS  OF  APPARATUS. 

In  Fig.  142  the  cylinder  in  the  foreground  is  the  generator, 
and  the  other  cylinders,  from  the  top  downwards,  are  succes- 
sively the  rectifier,  exchanger,  absorber,  and  condenser.  A 
view  of  one  end  of  the  generator  and  a  vertical  section  are 
given  in  Fig.  144.  Steam  enters  through  the  three  orifices 
on  the  centre  line  of  the  left-hand  cover,  and  passes  down 
the  small  tubes  to  the  other  end  of  the  cylinder.     It  returns 
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along  the  annular  spaces  between  the  small  and  the  large 
tubes,  becoming  condensed  in  its  passage,  and  escapes  as 
water  through  a  steam-trap.  The  thin  plate  shown  round  the 
necks  of  the  small  tubes  is  for  the  purpose  of  keeping  them 
properly  spaced  and  if  withdrawn  for  any  purpose,  to  facilitate 
their  replacement.  The  cylinder  itself  is  of  welded  steel,  16  ft. 
long,  3  ft.  8  in.  in  diameter,  and  -^  in.  thick.  Flanges  are 
screwed  on  at  each  end,  and  the  covers,  each  of  which  is  a 


Fig.  144. 


END  VIEW  OF  GENERATOR. 


VERTICAL  SECTION  OF  GENERATOR. 


rolled  steel  plate,  machined  all  over,  and  3  in.  thick,  are 
bolted  on.  A  3  J-in.  stay-bolt  connects  the  covers,  the  external 
nut  being  covered  by  a  cap  to  prevent  leakage  of  ammonia. 

The  strong  liquor  from  the  exchanger  flows  into  eight  longi- 
tudinal pipes  in  the  upper  part  of  the  cylinder,  and  runs  down 
over  surfaces  of  wire  gauze,  being  thus  spread  out  over  a  very 
large  surface  in  a  thin  film.  The  ammonia  gas  mixed  with 
vapor  ascending  in  the  generator  passes  over  this  surface,  and 
an  interchange  of  heat  takes  place,  a  large  part  of  the  gas  in 
the  strong  liquor  being  thus  evaporated,  and  at  the  same  time 
some  of  the  vapor  in  the  ascending  gas  condensed. 
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The  process,  therefore,  which  in  other  absorption  machines 
takes  place  in  a  separate  vessel  called  an  "  analyser,"  in  this 
machine  is  accomplished  in  the  generator  itself.  The  gas  is 
collected  by  the  large  pipe  in  the  highest  part  of  the  cylinder. 
The  construction  of  the  absorber  is  similar  to  that  of  the 
generator.  The  circulating  tubes,  however,  carry  cold  water 
in  place  of  steam.  The  external  tubes  are  screwed  and  ex- 
panded into  the  thick  tube-plate,  and  are  further  locked  by  a 
screwed  ferrule  run  down  on  to  a  lead  ring.  The  passage  of 
the  weak  liquor  into  the  absorber  is  controlled  by  an  auto- 
matic regulator,  consisting  of  a  lever  float,  which  rotates  a 
a  cylindrical  valve  as  it  rises  and  falls.  The  liquor  overflows 
from  the  absorber  into  the  float-chamber,  from  which  the 
pump  suction  is  taken,  the  float-chamber  being  below  the 
level  required  in  the  absorber.  As  soon  as  the  liquor  over- 
flows faster  than  the  pump  takes  it  away,  the  float-chamber 
fills,  the  valve  closes,  and  shuts  ofl^  the  supply  of  weak  liquor. 
The  variation  of  level  in  the  absorber  is  thus  very  slight,  be- 
ing only  a  fraction  of  the  variation  in  level,  or  travel,  of  the 
float. 

COMPENSATING   VALVE    FOR   BRINE   PUMP. 

The  exhaust  steam  from  the  ammonia  pump  is  passed  into 
the  generator,  hence  the  back  pressure  on  the  steam  end  of  the 
pump  will  vary  from  0— as,  for  instance,  in  starting  the  ma- 
chine— to  45  lb.  By  using  the  compensating  valve,  shown  in 
Fig.  145,  the  effective  steam  pressure  on  the  pump  is  constant, 
whatever  the  back  pressure.  As  the  exhaust  pressure  rises  it 
acts  on  the  piston  and  helps  the  spring  to  hold  the  valve  open, 
so  that  the  steam  pressure  to  the  pump  rises  exactly  in  pro- 
portion. The  speed  of  the  pump  is  therefore  constant  under 
all  conditions.  The  difference  between  the  high  pressure  and 
the  exhaust  is  regulated  by  the  hand  wheel  provided. 

OPERATIVE   RESULTS    AND    TESTS. 

The  pressure  in  the  absorber  when  the  plant  is  used  for 
cooling  brine  to  15**  F.  does  not  exceed  15  lb.  per  square  inch. 
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The  pressure  of  both  the  ammonia  gas  in  the  generator  and  of 
the  steam  for  driving  it  out  of  solution  depend  principally 
upon  the  temperature  of  the  cooling  water  which  can  be  ob- 
tained. With  cooling  water  entering  at  60°  F.,  and  leaving 
at  100*^  F.,  the  steam  pressure  required  is  45  lb.,  and  the  re- 
sulting generator  pressure  150  lb.     In  the  tropics,  where  the 


Fig.  146. 
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COMPENSATING  VALVE— SECTIONAL  VIEW. 
FOR  REGULATING  STEAM  PRESSURE  FOR  AMMONIA  PUMP. 


cooling  water  might  enter  at  90°  F.  and  leave  at  115°  F.,  60 
lb.  of  steam  would  be  used,  and  the  generator  would  then 
work  at  200  lb. 

The  total  steam  consumption  of  the  machine,  including  that 
required  by  the  circulating  pumps,  measured  on  a  five  hours' 
test,  amounted  to  only  2200  lb.  per  hour  at  a  boiler  pressure 
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of  65  lb.  This  is  equivalent  to  22  lb.  of  steam  per  ton  of 
refrigeration,  and  is  an  exceptionally  low  figure  considering 
the  low  brine  temperature,  and  we  doubt  if  this  efficiency  has 
ever  been  equaled  by  a  compressor  machine. 

The  machine  illustrated  has  been  built  under  CracknelPs 
patents,  for  the  Broxburn  Oil  Company,  who  already  have 
four  60-ton  machines,  the  largest  size  hitherto  made  in  Great 
Britain.  It  is  to  be  used  for  cooling  brine  to  — 10°  F.,  the 
temperature  required  for  refining  paraflSn  by  a  method  of 
freezing  out  the  wax,  patented  by  Mr.  Henderson,  the  works 
managing  director. 
20 


CHAPTER  XIII. 

THE  AMMONIA  ABSORPTION  SYSTEM. 
THE   POLAR   REFRIGERATING   MACHINE. 

The  characteristic  feature  of  the  Polar  absorption  apparatus 
produced  by  the  Isbell-Porter  Company,  is  the  use  of  the  shell 
type  of  construction,  including  the  condenser,  absorber,  and 
brine  cooler,  which  are  of  the  vertical  type.  The  apparatus  is 
shown  in  diagram  Fig.  146. 

DESCRIPTION   OF   THE   MACHINE. 

The  Polar  refrigerating  machine  consists  of  a  still  for  evapor- 
ating dry  ammonia  gas  under  pressure  ;  a  condenser  for  lique- 
fying the  gas ;  a  brine  cooler  or  expansion  coil  in  which  the 
liquid  ammonia  expands  into  a  gas  ;  an  absorber  in  which  the 
gas  is  absorbed  by  water  from  the  still,  and  a  pump  which  re- 
turns the  water  from  the  absorber  to  the  still. 

The  generator,  analyzer,  rectifier  and  heater,  form  the  still. 
The  charge  of  ammonia  is  placed  in  the  generator  and  heated 
by  steam  passed  through  coils.  The  heat  drives  the  ammonia 
vapor  out  of  solution  under  pressure,  and  it  passes  upward 
through  the  analyzer,  where  most  of  the  water  held  in  sus- 
pension is  removed  by  a  series  of  baffle  plates.  The- vapor 
passes  to  the  rectifier,  where  the  remaining  water  is  condensed. 
The  anhydrous  vapor  then  passes  to  the  condenser,  where  it  is 
liquefied  on  the  surface  of  coils  through  which  water  is  circu- 
lated. The  liquid  ammonia  falls  to  the  bottom  of  the  con- 
denser, which  serves  as  a  receiver,  and  is  fed  in  regulated 
quantities  through  an  expansion  cock  to  the  brine  cooler. 
The  drop  in  pressure  allows  the  liquid  ammonia  to  absorb 
heat  and  expand  about  coils  through  which  brine  is  circulated. 
The  other  features  will  be  readily  understood  from  the  previ- 
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ous  references  to  the  absorption  system  and  inspection  of  the 
illustrations. 


Fi«.  147 
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fATER  outlet: 


THE  POLAR  ABSORBER. 


A  sectional  view  of  generator,  analyzer  and  heater  is  shown 
in  Fig.  62,  Part  I. 
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CONSTRUCTION    OF   THE    MACHINE. 

The  vessels  are  all  made  with  heavy  east-iron  shells  and 
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THE  POLAR  BRINE  COOLER. 


heads.     The  coils  are  wound  concentrically,  project  through 
stuffiing-boxes  in  the  heads,  and  are  manifolded  outside  of 
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ihe  shells.  The  generator  and  rectifier  have  oval  coils.  All 
coils  are  welded  throughout  and  made  of  strictly  wrought-iron 
lap  welded,  extra  heavy  pipe.  All  bpenings.for  connections 
are  reinforced  with  glands,  and  all  pipes,  valves  and  fittings, 
are  extra  heavy  to  guard  against  leakage.  All  vessels  are 
provided  with  liquid  level  gauges  and  pressure  gauges  of  ap- 
proved design.  All  machines  are  equipped  with  pumps  con- 
trolled by  automatic  governors,  for  the  aqua  ammonia. 

The  condenser  is  shown  in  Fig.  35,  page  85.  The  absorber 
and  brine  cooler  are  shown  respectively  in  Fig.  147  and  Fig. 
148. 

OPERATION   OF   THE   MACHINE. 

The  skill  required  to  run  the  Polar  machine  is  such  as  is 
needed  to  run  a  boiler.  The  engineer  has  under  his  control, 
in  addition  to  the  expansion  valve,  a  valve  to  regulate  the 
supply  of  weak  aqua  to  the  absorber.  The  valves  for  the 
steam  to  the  generator  and  the  ammonia  pump  are  controlled 
by  automatic  regulators,  and  adjust  themselves  for  a  given 
position  of  the  expansion  valve  and  the  weak  aqua  valve. 
The  machine  has  so  few  moving  parts,  and  these  are  so 
directly  under  the  engineer's  eye,  that  it  can  be  operated  con- 
tinuously twenty-four  hours  a  day  for  an  entire  season  with- 
out undue  wear  and  tear. 

EFFICIENCY. 

The  machine  receives  its  power  directly  from  the  latent 
heat  of  steam  without  the  wasteful  loss  experienced  in  a  steam 
engine.  It  returns  the  condensed  steam  to  the  boiler  at  a 
temperature  much  above  that  of  the  average  feedwater.  If 
the  machine  is  properly  insulated  and  supplied  with  a  large 
heater,  and  utilizes  in  the  generator  the  exhaust  steam  from 
the  pumps,  it  surpasses  in  efficiency  the  most  approved  form 
of  steam  engine  that  may  be  used  in  driving  a  compressor. 


CHAPTER  XIV. 
.    THE  AMMONIA  ABSORPTION  SYSTEM. 
TEST  OF  CARBONDALE  ICE  PLANT. 

The  elements  of  the  absorption  system  produced  by  the 
Carbondale  Machine  Company  are  for  the  most  part  of  the 
shell  type.  With  all  that  has  been  said  about  types  of  appar- 
atus and  details  of  processes,  we  will  venture  to  omit  references 
to  their  features  in  the  present  case,  and  instead  will  present 
some  data  on  an  ice-making  plant  employing  apparatus  of 
their  construction,  including  results  of  test,  which  will  prob- 
ably be  found  to  be  fully  as  interesting  and  instructive. 

DETAILS  OF  PLANT. 

The  plant  referred  to  was  a  small  plate  ice-making  plant 
with  a  nominal  rating  of  10  tons.  The  results  of  the  test 
showed  that  this  plant  produced  146  tons  of  ice  per  day  for 
seven  days  at  a  rate  of  1404  tons  of  ice  per  day  per  ton  of  coal. 

The  machinery  was  installed  in  a  room  13'x46.5'  in  plan, 
at  a  rate  of  60.5  square  feet  per  ton  of  nominal  ice-making 
capacity. 

The  entire  ice  plant  is  housed  in  a  structure  consisting  of  a 
main  portion  32x79.5  feet  in  plan,  containing  the  machinery, 
freezing  and  ice  stores,  and  extension  14x25  feet  on  one  end 
occupied  as  a  boiler-room,  and  a  small  extension  at  the  other 
end  for  the  oflBce.  The  building  is  entirely  of  frame  construc- 
tion, the  main  members  consisting  of  6x6-inch  posts  on  13J- 
foot  centers,  which  support  timber  roof  trusses.  It  is  sheathed 
with  clapboards  on  the  sides,  and  has  a  tar  and  gravel  roof. 
The  tank  and  machinery  rooms  occupy  47  feet  of  the  total 
length,  with  an  inside  width  of  30  feet.  The  freezing  tank 
takes  up  18  feet  of  the  width,  and  is  spanned  by  a  4-ton  hoist- 
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ing  crane,  which  travels  from  end  to  end  of  the  room  to  de- 
liver the  plates  of  ice  to  the  ice  storage  rooms  beyond.  To 
carrv  the  inner  end  of  the  crane,  an  interior  row  of  6xfi-inch 
posts  extends  through  the  room,  leaving  a  clear  width  of  13 
feet  for  the  machinery  department.  The  crane  rails  are  car- 
ried by  longitudinal  6xl0-inch  yellow  pine  stringers  resting  on 
brackets  fixed  to  the  posts.  The  lower  cords  of  the  roof 
trusses  are  24  feet  above  the  floor  line,  leaving  two  feet  clear- 
ance above  the  top  of  the  crane,  and  allowing  the  plates  of  ice, 
which  are  SJ  feet  deep,  to  be  lifted  clear  of  the  tank.  The 
floors  are  of  concrete. 

The  storage  rooms  comprise  a  10x30-foot  temporary  storage, 
into  which  the  ice  is  discharged  from  the  tank  or  freezing 
room,  and  a  20x30-foot  ice  storage  29  feet  high  in  the  clear, 
with  a  capacity  of  325  tons:  The  temporary  storage  extends 
under  the  tipping  table  of  the  tank  room,  with  a  consequent 
saving  of  space,  and  opens  upon  a  loading  platform  outside, 
where  the  ice  is  delivered  to  the  wagons  through  a  self-closing 
door.  The  temporary  storage  serves  as  an  ante-room  between 
the  outside  atmosphere  and  the  main  storehouse.  The  insula- 
tion of  these  rooms  is  10  inches  thick,  and  consists  mainly  of 
1-inch  outside  clapboards,  2  courses  of  paper,  1-inch  sheathing, 
6  inches  of  mill  chips,  1-inch  sheathing,  2  courses  of  paper, 
and  1-inch  sheathing. 

The  boiler  is  a  60-horsepower  tubular  boiler  built  by  the 
Atlas  Engine  Works,  Indianapolis.  The  usual  steam  pressure 
carried  is  80  pounds,  but  at  the  back  of  the  boiler,  at  a  point 
where  the  hot  gases  can  strike  it,  is  a  Foster  steam  superheater, 
provided  in  order  that  a  minimum  amount  of  moisture  will  be 
expelled  in  the  exhaust  from  the  steam  engine. 

The  steam  is  conducted  from  the  boiler  in  a  2-inch  pipe, 
supplying  a  l|-inch  line  to  the  engine,  which  is  7x9-inch  12- 
horsepower  Porter  slide  valve  engine,  and  a  1-inch  line  which 
is  provided  with  a  reducing  valve  to  deliver  live  steam  to  the 
generator  when  necessary. 

The  following  triplex  pumps  are  belted  to  a  jack  shaft,  con- 
nected to  the  engine :     A  2^x6-inch  ammonia  pump  to  force 
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the  ammonia  liquor  from  the  absorber  to  the  generator  ;  a 
water  pump  for  lifting  water  from  a  well  on  the  premises,  50 
feet  deep ;  an  8x6-inch  air  agitator,  which  is  an  air  compressor 
for  discharging  air  through  the  water  to  be  frozen  in  order  to 
prevent  the  collection  of  air-bubbles,  which  lend  an  opaque- 
ness to  the  ice ;  a  1  Jx2J-inch  pump  for  boiter-f ceding  ;  and  a 
similar  sized  pump,  which  can  be  interchanged  with  boiler 
feed-pump,  for  circulating  warm  brine  through  the  coils  dis- 
tributed over  the  ends  and  bottom  of  the  freezing  plates  for 
melting  the  ice  away  from  the  plates  when  freezing  has  been 
completed. 

The  freezing  machinery  has  a  nominal  rating  of  10  tons, 
but  an  actual  commercial  capacity  of  12  tons.  The  type  of 
generator  is  that  having  a  horizontal  cylindrical  chamber  in 
which  the  steam  coils  are  placed  and  two  vertical  cylinders 
rising  from  the  top,  the  latter  mainly  for  effecting  an  exchange 
of  heat  between  the  inflowing  and  outflowing  liquors  and  for 
preventing,  so  far  as  possible,  the  carrying-oft*  of  any  water 
with  the  gas.  The  usual  overhead  rectifier  for  more  eflectively 
removing  the  moisture  from  the  hot  ammonia  gas  by  conden- 
sation, the  condenser  for  liquefying  the  high-pressure  ammonia 
gas,  and  the  absorber  for  receiving  the  low-pressure  ammonia 
gas  after  it  has  absorbed  heat  from  the  water  in  the  forecooler 
and  in  the  freezing  tank  during  the  change  of  state  are  pro- 
vided. The  well-pump  is  piped  to  deliver  to  the  condenser 
only.  The  city  water  being  pure  is  delivered  by  its  own  pres- 
sure into  the  forecooler,  which  is  a  tank  where  the  water  may 
be  cooled  before  being  turned  into  the  freezing  tank.  The 
water  from  the  condenser  is  passed  in  part  through  the  recti- 
fier and  in  part  through  the  absorber,  and  is  then  discharged 
to  waste,  except  what  goes  to  the  thaw  tank.  From  this  tank 
the  warm  water  is  taken  by  the  thaw-pump,  as  explained. 
The  water  from  the  well  may  also  be  delivered  to  an  injector 
for  feeding  the  boiler  or  to  a  receiver  from  which  the  boiler 
feed-pump  draws  its  supply.  Very  little  water  is  required  in 
this  way,  however,  as  the  exhaust  steam  that  is  condensed  in 
the  generator  is  trapped  to  the  receiver,  and  furnishes  nearly 
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the  full  supply  of  water  needed,  the  additional  amount  being 
required  to  make  good  any  losses  by  leakage. 

OPERATING  DETAILS  AND  TEST. 

It  has  been  found  that  by  a  proper  adjustment  of  the  valve 
on  the  engine  the  generator  requires  just  the  amount  of 
steam  that  the  small  engine  uses  when  running  the  pumps. 
During  the  test,  to  which  more  detailed  reference  will  be 
made,  the  temperature  of  the  exhaust  was  about  255.7  degrees, 
which  corresponds  to  a  back  pressure  on  the  engine  of  about 
33  pounds  absolute. 

The  temperature  of  the  water  fed  to  the  boiler  during  the 
test  was  about  220  degrees,  which,  of  course,  means  that  it  is 
under  pressure.  The  valve  in  the  engine  free  exhaust  was 
closed  and  did  not  leak,  or  at  least  no  trace  of  steam  could  be 
seen  escaping.  A  Cochrane  oil  separator  made  by  the  Har- 
rison Safety  Boiler  works  is  provided  in  the  exhaust  line  from 
the  engine  to  the  generator. 

RESULTS  OF  TEST. 

Ice  Production  : 

Number  of  plates,  14. 

Number  of  cakes  of  ice  per  plate,  2. 

Number  of  cakes  of  ice  harvested  each  time,  4. 

Number  of  harvests,  8. 

Time  of  test,  1  week,  7  days. 

Dimensions  of  cake  8'2''Xl5'Xll"  thick. 

Weight  of  cake,  3.2  tons. 

Weight  of  each  harvest,  1 2.8  tons. 

Weight  of  total  harvested,  102.4  tons. 

Rate  per  day,  1462  tons. 
Coal  Consumption. 

(  14.589  pounds. 
Total     ....     I  7  29  tons. 

Per  ton  of  ice,  14.04  tons. 


PART  III. 

STRUCTURAL  INSULATION. 


Pbrfection  in  insulation  implies  a  condition  in  which  there 
is  no  transfer  of  heat  between  bodies  of  different  temperature. 
Such  a  condition  is  ideal  and  is  impossible  of  attainment. 
Accordingly,  however  much  we  may  improve  and  progress,  we 
have  this  fact  staring  us  in  the  face.  We  may  judge  our  suc- 
cess from  the  standpoint  of  this  actual  condition  and  use  the 
same  as  the  goal  towards  which  we  may  endeavor  to  approach, 
knowing  all  the  time  that  we  will  never  fully  reach  the  same. 

Imperfect  insulation  means  loss  of  refrigerating  eflFect,  and 
consequent  drain  on  the  coal  pile.  Adding  to  the  outlay  for 
improvements  of  insulation  results  in  reduction  of  operating 
expenses.  This  implies  a  contest  between  first  cost  of  construc- 
tion and  interest  charges  and  cost  of  refrigerating  machinery 
and  of  the  operation  of  the  same.  The  result  is  a  compromise, 
to  be  determined  in  each  individual  case  from  the  conditions 
at  hand. 

In  practice  the  best  results  obtained  involve  a  loss  of  about 
one-half  of  the  entire  refrigerating  eflFect  through  the  walls,  and 
in  most  cases  the  loss  is  considerably  in  excess  of  this. 

Between  the  impossible  extreme  of  perfect  insulation  and 
the  absurd  extreme  of  no  insulation  we  may  still  recognize 
the  grades  of  good  and  poor. 

There  is  no  excuse  for  poor  insulation,  for  it  cannot  be 
defended  from  any  standpoint. 

Good  insulation  is  the  kind  that  pays  for  itself  in  the  sav- 
ing in  operating  expenses  and  maintenance. 

The  diflBculty  is  to  know  what  is  good  insulation,  because 
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of  the  number  of  different  standpoints  from  which  it  may  be 
judged. 

Permanence  of  conditions  is  a  feature  frequently  not  prop- 
erly looked  to.  A  promising  beginning  may  be  followed  by 
little  short  of  failure,  as  evidenced  by  an  unexpected  and 
mysterious  drain  upon  the  machinery.  The  explanation  of 
this  may  be  looked  for  in  changes  brought  about  by  displace- 
ment of  woodwork  by  the  pressure  of  the  packing  material,  or 
the  settling  of  improperly  placed  packing. 

The  efficiency  of  insulation  depends  both  upon  the  mate- 
rials employed  and  the  method  in  which  they  are  employed. 
The  effects  obtainable  by  good  insulating  materials  may  be 
offset  by  a  poor  arrangement  of  the  same,  while  good  results 
may  be  attained  with  comparatively  poor  materials  by  a* 
judicious  arrangement. 

It  is  evident  that  the  problem  involves  a  choice  of  materials 
and  due  consideration  of  details  of  construction.  In  general, 
the  practice  involves  a  composite  structure  consisting  of  dif- 
ferent materials  combined  in  accordance  with  some  carefully 
designed  plan.  Elaborate  formulse  may  be  used  for  determin- 
ing the  insulating  value  of  a  given  combination,  but  the  most 
satisfactory  method  is  to  actually  determine  the  insulating 
value  of  the  particular  structure  by  experiment,  or  to  assign 
a  value  for  the  same,  based  upon  values  that  have  been  de- 
termined for  similar  structures. 

At  one  time  about  the  only  guide  in  regard  to  insulation 
was  such  information  as  was  offered  by  manufacturers  of 
refrigerating  apparatus.  A  number  of  such  plans  are  given 
in  the  following  pages.  Recently  reliable  data  have  appeared, 
as  a  result  of  elaborate  and  costly  experimental  work,  so  that 
the  problem  can  be  handled  with  the  possibility  of  determining 
beforehand  with  reasonable  certainty  the  results  that  may  be 
expected. 

A  few  fundamental  suggestions  may  be  mentioned. 

No  material  should  be  used  in  the  insulating  structure  that 
has  an  odor  that  might  be  imparted  to  provisions  in  storage. 
It  is  important  to  bear  in  mind  that  pine  is  excluded  from 
the  list  of  available  materials  on  this  account. 
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The  material  should  be  waterproof  and  not  liable  to  absorb 
moisture.  As  this  is  hardly  attainable,  the  next  best  thing  to 
do  is  to  house  it  in  with  waterproof  material,  such  as  water- 
proof paper  or  by  use  of  pitch. 

It  should  not  have  a  tendency  to  disintegrate,  or  rot,  or  to 
settle  so  as  to  leave  vacant  spaces.  This  excludes  sawdust  and 
calls  for  judgment  in  packing. 

It  should  be  cheap  and  readily  handled  in  application. 
However,  as  other  features  need  also  to  be  considered,  the 
cheapest  in  first  cost  may  be  the  dearest  in  the  end.  A  ma- 
terial that  is  cheap  and  good  as  a  filler  is  mill  shavings. 
Mineral  wool  is  about  in  the  same  class.  Cork,  either  sheet 
or  granulated,  is  good,  though  more  expensive.  Sheets  of  felt 
and  quilting,  used  for  deadening  sound  in  walls  of  dwellings, 
are  generally  durable  and  reliable. 

It  is  desirable  that  the  material  should  be  fire-proof.  About 
the  only  material  that  has  this  quality  is  mineral  wool. 

After  all,  the  best  insulation  is  air  spacing,  excepting,  of 
course,  a  vacuum,  which  is  out  of  the  question.  This  does  not 
mean  the  old-fashioned  open  air  space,  but  small  air  cells, 
which  form  the  true  insulating  features  of  the  different  porous 
materials  and  the  small  air  spaces  that  are  obtained  by  using 
such  materials  as  fillers  in  otherwise  open  spaces. 

A  table  of  insulating  values  of  various  materials  is  given  on 
page  98,  Part  I,  Chapter  X.  Other  data  are  given  in  the 
table  herewith : 


RELATIVE   VALUE   AS    NON-CONDUCTORS   OF   HEAT. 
(Chas.  E.  Emery.) 


Non-Conductor. 

Value. 

1.000 
.832 
.716 
.680 
.676 
.632 
.553 

t 

1             Non-Conductor. 

Value. 

Wood  Felt 

Mineral  Wood  No.  2    .   .   . 
Mineral  Wood  with  tar    .   . 

Saw  Dust 

Mineral  Wood  No.  1     .   .   . 

Charcoal  . 

Pine  Wood,  across  fiber    .   . 

Loam,  dry  and  open  .... 

Slacked  Lime 

Gras-House  Carbon 

!  Asbestos 

Coal  Ashes 

Coke,  in  lumps 

Air  Space,  undivided    .   .   . 

.550 
.480 
.470 
.363 
.345 
.277 
.136 
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PLANS  FOR  STRUCTURAL  INSULATION. 

The  principles  involved  in  proper  insulation  of  structures 
may  be  ascertained  from  a  study  of  the  plans  for  insulation 
given  in  the  following  pages.  The  details  are  given  for  each 
specific  case. 

The  plans  given  include  designs  for  brick  buildings  and 
wooden  buildings,  ceilings  and  floors,  wooden  insulation  for 
brick  buildings,  fireproof  construction,  and  also  for  freezing 
and  brine  tanks. 


THE  FRED.  W.  WOLF  CO. 

The  plans  for  "  Various  Insulations  for  Cold  Storage  Build- 
ings "  given  herewith  have  the  endorsement  of  the  Fred.  W. 
Wolf  Company. 

With  the  respective  cuts  are  given  the  details  of  structure 
and  the  application  of  each  particular  plan  shown. 

Fig.  149. 
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IN8ULATI0]J  OF  WALLS  FOR  FIREPROOF  COLD  STORAGE  BUILDINGS. 


Fig.  150. 
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INSULATION  OF  CEILINGS  FOR  FIREPROOF  COLD  STORAGE  BUILDINGS. 


STRUCTURAL   INSULATION. 

Fig.  161. 
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WOODEN  INSULATION  AGAINST  BRICK  WALL  FOR  COLD  STORAGE 

ROOMS. 

Tig.  162. 
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CEILING  FOR  COLD  STORAGE  ROOMS  WHEN  BUILT  OF  WOOD. 


Fig.  153. 
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WALL  FOR  COLD  STORAGE  ROOMS  WHEN  BUILT  OF  WOOD. 


Fig.  154. 
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GROUND  FLOOR  FOR  COLD  STORAGE  ROOMS  WHEN  BUILT  OF  WOOD. 
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The  insulating  values  assigned  to  these  structures  are  as 
follows : 

Heat  units  transmitted  per  decree 
F.  difference  in  temperature 
per  sq.  ft.  of  sui-face 
Plan  shown  in  Figure.  _  i)er  24  hours. 

149  0.70 

150  0.70-0.80 

151  1.74 

152  2.17 

153  2.90 

154  1.92 


'     THE  DE  LA  VERGNE  SYSTEM. 

The  plans  for  insulation  advocated  by  the  De  La  Vergne 
Machine  Company  are  the  results  of  careful  study  and  an 
extended  experience.  The  make-up  of  the  various  sections 
is  clearly  given  for  the  different  plans  shown. 

INSULATION  FOR  REFRIGERATORS  FOR  HOTELS  AND  RESTAURANTS. 

Fig.  155.     Section  through  a,  b  (from  a  to  6). 
I"  spruce, 
Insulating  paper, 
f "  spruce, 

1''  air  space,  12"  square, 
f ''  spruce, 
Insulating  paper, 
f"  spruce, 
1''  air  space, 
5''  spruce. 
Insulating  paper, 
f "  hard  wood. 
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INSULATION    FOR    BRICK    BUILDING. 

Fig.  156.     Flooring  or  ceiling. 

Section  through  a,  b  (from  a  to  6). 


Fia.  166. 


Fig.  156. 


1"  asphalt, 

2"  concrete, 

H"  pitch, 

2"  concrete  above  bearas, 

Brick. 


21 


322  ARTIFICIAL   ICE-MAKING   AND    REFRIGERATION. 

Fig.  157.     Main  wall. 

Section  through  c,  d  (from  c  to  d). 
Brick  wall, 
2"  pitch, 
Brick  wall. 


Fio.  157. 


Fig.  168. 
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Fig.  158.     Main  wall  for  very  low  temperature. 
Section  through  e,/(from  e  to/). 
Brick  wall, 
2  coats  of  pitch, 
V  air  space, 
i"  board, 
Insulating  paper, 
I"  board, 
IJ''  air  space, 
I''  board. 
Insulating  paper, 
I''  board, 
IJ^^  air  space, 
1'^  board. 
Insulating  paper, 
I"  board. 
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INSULATION   FOR   WOODEN   BUILDING. 

Fig.  159  A.     Ceiling  or  floor,  when  room  above  or  below  is 

not  cooled. 
Section  through  a,  b  (from  a  to  b). 

i^^  board, 

Insulating  paper, 

1'^  board,  '       . 

Floor  beams, 

I''  board. 

Insulating  paper, 

i^'  board, 

'  2'^  air  space, 

i"  board. 

Insulating  paper, 

, i    board. 

Fig.  159  B.     Partition  between  two  cooled  rooms,  where  dif- 
ference of  temperature  does  not  exceed  20®. 
Section  through  c,  d  (from  c  to  d). 

J''  board, 

Insulating  paper, 

I''  board, 

IJ^'  air  space, 

J'^  board. 

Insulating  paper, 

i^'  board. 
Fig.  159  C.     Shows  method  of  properly  building  insulation  ; 
the  air  spaces  are  divided  into  small  sections  by 
strips,  and  the  joints  between  the  boards  in  the 
different  layers  overlap  the  joints  between  the 
boards  in  the  previous  layer. 
Fig.  159  D.     Main  wall  or  partition  between  two  rooms  of 
which  one  is  cooled  and  the  the  other  is  not 
cooled. 
Section  through  e^  f  (from  e  to/). 

i"  board. 

Insulating  paper, 


♦  If  room  above  is  cooled  these  may  be  omitted. 
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B 


I''  board, 
2''  air  space, 
J''  board, 
Insulating  paper, 
I''  board, 
1"  air  space, 
\"  board. 
Insulating  paper. 
y  board. 


Fig.  159. 
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Fig.  IGii. 
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INSULATION   FOR   BRICK  BUILDING. 

Fig.  160.     Ceiling  or  floor  when  room  above  is  not  cooled. 
Section  through  a,  6  (from  a  to  6). 
V  asphalt, 
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^"  concrete, 
Brick, 

Wooden  strips, 
\"  board, 
Insulating  paper, 
\"  board, 
1"  air  space, 
\"  board, 
Insulating  paper, 
\"  board. 
Ceiling  or  floor,  when  difference  of  temperature  be- 
tween upper  and  lower  room  does  not  exceed  20°. 
Section  through  c,  d  (from  c  to  d). 

V  asphalt, 
2''  concrete. 
Brick. 

Outer  wall. 

Section  through  6,/(from  e  to/). 
Brick  wall, 
2  coats  of  pitch, 
^"  air  space, 
\"  board. 
Insulating  paper, 

Y  board, 
^"  air  space, 
\"  board. 
Insulating  paper, 
\"  board. 


THE  FRICK  COMPANY. 

The  Frick  Company,  while  presenting  a  variety  of  plans  of 
"Approved  Methods  of  Insulation,"  always  recommends  the 
l)est  There  is  no  doubt  but  that  any  of  the  plans  presented 
in  the  following  pages  may  be  set  down  as  good. 

Besides  plans  for  buildings,  there  is  also  given  a  plan  for 
insulation  for  a  freezing  tank.  Fig.  163. 
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Fig.  182. 
ice  house  floors 
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Fig.  163. 
tank  insulation. 


LONGITUDINAL  SECTION. 


TRANSVERSE  SECTION. 


PLANS  OF  MR.  JOHN  LEVEY.» 

The  plans  given  herewith  are  presented  through  the  cour- 
tesy of  the  author  and  of  the  publishers,  the  latter  being  also 
the  publishers  of  Ice  and  Refrigeration, 

MINIMUM    TEMPERATURE   OF   36°    F. 

For  rooms  not  carried  below  36  deg.  F.,  in  frame  buildings, 
the  walls  need  not  be  filled,  but  can  be  built  with  three  good 
air  spaces.  The  ceilings  and  floors  should  have  two  good  air 
spaces.  The  floor  must  be  perfectly  water-tight,  and  should 
have  a  good  open  space  between  the  joist  and  the  ground,  to 
prevent  decay. 

A  good  cement  floor  laid  on  a  bed  of  cinders  is  ample  in- 
sulation for  this  temperature. 

In  brick  buildings  for  this  temperature  the  brick  walls 
should  be  well  pitched  with  two  coats  of  well  tempered  pitch, 
and  then'  two  good  air  spaces  built  inside.  See  diagram, 
Fig.  164. 

MINIMUM    TEMPERATURE    32°    F. 

For  rooms  to  be  carried  to  32  deg.  F.,  in  frame  buildings, 
two  air  spaces  and  one  space  filled  with  4''  mineral  wool  or 


*From  **  Refrigerating  Memoranda." 
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10"  dry  shavings  is  sufficient.  The  filled  space  should  be  in 
the  center,  with  an  air  space  on  each  side. 

The  ceilings  should  have  two  good  air  spaces  and  one  space 
filled  with  V  of  mineral  wool  or  4''  of  dry  shavings. 

The  floor   should  be  water-tight,  and  have  one  good  air 
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Fig.  165. 
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space  and  one  space  filled  with  2"  mineral  wool  or  6"  dry 
shavings,  and  have  a  good  air  circulation  underneath. 

In  brick  buildings  the  walls  should  be  well  coated  with 
pitch  and  have  two  air  spaces,  and  one  space  filled  with 
2^'  mineral  wool  or  6''  dry  shavings.  A  good  cement  floor 
with  one  air  space  and  water-tight  floor  is  ample  for  this  tem- 
perature.    See  diagram,  Fig.  165. 
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FREEZING   ROOMS. 

For  freezing  rooms,  in  frame  buildings,  the  walls  should 
have  two  good  air  spaces,  and  one  space  filled  with  6'^  min- 
eral wool  or  12''  dry  shavings — the  filled  space  in  the  center. 

The  ceilings — two  good  air  spaces  and  4''  mineral  wool  or 
IC  dry  shavings. 


INSULATION  FOR  FREEZING  ROOMS. 

The  floors — two  good  air  spaces  and  M'  mineral  wool  or 
10''  dry  shavings,  with  a  good  circulation  of  air  underneath. 

In  brick  buildings  the  walls  must  be  well  coated  with  pitch 
and  have  two  good  air  spaces  and  4"  mineral  wool — the  filled 
space  in  the  center. 

A  good  cement  floor,  with  a  good  air  space  and  2"  mineral 
wool.     See  diagram,  Fig.  166. 
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FIREPROOF  CONSTRUCTION. 

In  fireproof  buildings,  a  wall  formed  of  a  double  brick  wall, 
with  a  1''  space  between  the  two  parts  filled  with  pitch,  lined 
on  the  inside  with  two  courses  of  hollow  tile  set  in  cement 
and  plastered  over  with  good  cement  mortar,  makes  a  good 
insulation. 


Fig.  168. 
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FIREPROOF  INSULATION. 


INSULATION   FOR  BRINE  TANKS. 


The  floor  and  ceiling  of  fireproof  buildings  should  be 
formed  by  arches  made  of  two  courses  of  hollow  tile  laid  in 
cement  and  plastered  underneath  with  good  cement  mortar. 
The  space  above  the  arches  should  be  covered  with  well 
packed  dry  cinders,  covered  with  a  cement  floor.  See  dia- 
gram, Fig.  167. 
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FREEZING  TANKS  AND  BRINE  TANKS. 

Freezing  tanks  and  brine  tanks  must  always  have  an  air 
space  next  the  tank  to  keep  the  insulation  dry.  Insulation 
packed  directl}'  against  the  tank  will  soon  be  wetted  and 
frozen  through,  and  the  tank  will  rust  out  very  quickly  if  of 
steel,  or  will  soon  rot  if  of  wood. 

A  \"  air  space  built  of  two  thicknesses  of  \"  D  &  M.  sheet- 
ing, with  good  insulating  paper  between,  then  a  space  filled 
with   \"  mineral   wool  or  IC  dry  shavings,  and  two  more 

Fio.  H)9. 

CAN  COVERS 
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INSULATION  FOK   FREEZING  TANKS. 


thicknesses   of  \'*   I)   <fe    M.    sheeting   with   good   insulating 
paper,  is  the  best  insulation  for  brine  or  freezing  tanks. 

Freezing-tank  covers  cannot  well  be  insulated,  as  they  must 
be  comparatively  light  and  movable.  Brine-tank  covers  must 
be  made  in  sections  so  as  to  be  handled  readily,  and  should  be 
filled  with  2''  mineral  wool  or  (5'^  dry  shavings,  with  two 
thicknesses  of  sheeting  and  insulating  paper  on  each  side. 
See  diagrams,  Figs.  168  and  109. 

PLANS  BY  MR.  MADISON  COOPER* 
The  plans  given  herewith  and  the  data  pertaining  to  the 

*  From  "Practical  Cold  Storage." 
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same  are  presented  through  the  courtesy  of  the  author  and  of 
the  publishers,  Messrs.  Nickeraon  &  Collins. 

MODERN  HIGH  CLASS  INSULATION. 

The  plans  for  insulation  shown  in  Figs.  170,  171,  and  172 
represent  the  result  of  considerable  investigation  and  practical 
experience,  and  may  be  accepted  as  reliable  and  up-to-date. 

They  are  adapted  for  a  storage  temperature  of  30°  F.,  that 
in  Fig.  170  for  brick  buildings  and  the  plan  in  Fig.  171  for  a 
wooden  structure.  The  insulating  value  corresponds  approx- 
imately to  a  transmission  of  .75  B.  T.  U.  per  square  foot  per 
day  per  degree  difference  between  inside  and  outside  temper- 
ature. The  basement  in  the  plan  in  Fig.  170  is  adapted  for 
a  temperature  of  20®  to  25°  F.  For  sharp  freezing  purposes 
the  tilled  space  should  in  this  case  be  increased  from  eight 
inches,  as  shown,  to  ten  inches  and  an  additional  thickness  of 
sheet  material  should  be  used. 

The  construction  in  Fig.  170  is  made  up  of  a  12-inch  brick 
wall,  8  inches  of  shavings  and  5  inches  of  sheathing,  sheet 
material  and  paper. 

The  details  are  clearly  shown  in  the  illustrations.  It  may 
be  well  to  call  attention  to  the  reasons  for  the  adoption  of  the 
arrangement  as  shown.  The  feature  aimed  at  in  addition  to 
initial  efficiency  is  durability. 

"This  is  accomplished  by  placing  the  indestructible  mate- 
rials, such  as  waterproof  paper,  and  mineral  wool  block,  sheet 
cork  or  hair  felt  in  successive  layers  on  the  side  next  to  the 
storage  room  where  the  conditions  are  most  severe.  These 
severe  conditions  are  caused  by  a  tendency  of  the  enmeshed 
air  in  all  insulating  materials  to  condense  the  moisttire  held 
in  suspension  when  subjected  to  low  teiiy)eratures.  This 
moisture  will  impair  the  durability  of  some  materials,  such  as 
sawdust,  shavings,  etc.  .  .  .  The  moisture  condensed  would 
^  be  greatest  in  the  layer  nearest  the  cold  side  of  the  partition 
and  would  gradually  diminish  in  each  layer  toward  the  high 
temperature  side,  where  it  would  be  perfectly  dry.  .  .  .  Air 
space  construction  showed  the  greatest  condensation,  wide 
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Fia.  170. 


•Plan  or  Insulation- 
insulation  FOR  BRICK  BUILDING. 
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filled  spaces  came  next  and  the  high  grade  of  sheet  materials 
divided  by  waterproof  paper  showed  the  best.  From  the 
above  it  is  evident  that  high-grade  materials  should  be  used 
next  to  the  storage  rooms,  as  they  will  not  deteriorate  as 
rapidly  with  the  presence  of  moisture.  This  construction  also 
protects  the  loose  filler  in  the  filled  space,  which  is  removed 

Fig.  172. 


FLAN  OK  INSULATION  FOR  FRAME  BUILDING. 


further  from  the  inside  wall,  therefore  making  its  duty  less 
severe  as  regards  the  action  of  moisture." 

Another  feature  to  be  noted  in  regard  to  Fig.  170  is  the 
continuous  construction  of  the  wall  insulation  from  the  floor 
of  lower  story  to  ceiling  of  upper  story.  This  avoids  repetition 
of  joints  at  each  floor  as  is  the  case  where  the  floor  insulation 
is  carried  out  to  the  wall  at  each  floor,  and  accordingly  reduces 
the  liability  of  air  leakage  at  the  joints. 
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The  importance  of  giving  due  attention  to  the  construction 
of  doors  and  windows  in  a  modem  cold-storage  structure  is 
well  recognized.  Windows  are  as  a  general  thing  studiously 
avoided.  Where  necessary  they  are  of  course  doubled  or 
trebled. 

Fio.  173. 


THE  JONES   AUTOMATIC  DO')R. 

The  construction  of  doors  has  been  well  developed,  a  num- 
ber of  first-class  articles  being  on  the  market ;  the  one  shown 
is  made  by  the  Jones  Cold  Storage  Door  Co.,  Hagerstown,  Md. 

In  general  a  complete  outfit  consists  of  a  sill, 'frame  [and 
22  '  *      • 
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door  proper.  In  some  cases  with  a  cement  floor  the  sill  may 
be  dispensed  with.  An  important  feature  is  that  of  seals,  to 
close  up  open  space  between  the  door  and  sill  and  along  edges 
at  sides  and  top.  The  door  proper  is  a  composite  structure 
provided  with  insulation.  Doors  may  be  made  practically 
fireproof  by  enclosing  with  sheet  metal  or  may  be  made 
strictly  fireproof  by  special  construction.  Other  special 
features  are  hinges  and  fasteners. 

JONES    REFRIGERATOR    DOOR. 

It  is  our  object  to  call  attention  to  a  few  of  the  special 
features  of  the  doors  under  consideration,  without  making  ex- 


Fio.  174. 


Floor  Line. 


tended  reference  to  the  entire  line  produced  to  meet  various 
requirements.  The  ordinary  standard  door  is  shown  in 
Fig.  173.  The  general  plan  will  be  clear  from  an  inspec- 
tion of  the  sectional  views  in  Figs.  174,  175  and  176,  and  the 
subjoined  explanation  of  the  diflerent  parts.  Important  parts 
are  the  hinges  and  fastener,  to  which  special  references  are 
given. 

DETAILS  OF  REFRIGERATOR  DOOR. 

Fig.  174,  sectional  view  of  bottom  of  door  and  sill.  Fig. 
175,  sectional  view  of  packing  or  gasket.  13,  waterproof 
cover  skin  of  packing;  felt  packing  is  used  because  when 
pressure  is  taken  off*  it  immediately  expands  and  resumes  it^ 
former  shape ;  16,  the  part  by  which  it  is  tacked  to  the  rabbet 
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strip  of  the  frame  and  the  overlapping  part  of  the  panel. 
Fig.  176,  sectional  view  of  door  and  frame.  3,  shows  the  jamb 
with  beveled  strip  butted  up  tight  against  jamb  after  frame  is 
secured  in  the  wall;  5,  the  stiffeners  at  the  side;  13,  shows 
where  packings  are  placed  ;  14,  shows  front  panel  of  door  over- 
lapping the  frame ;  19,  the  dead  air-space  between  the  door 
and  frame  made  by  the  two  rows  of  packing  or  gasket ;  20, 
the  hinge ;  and  21,  the  fastener. 

Beveled  sill  sinks  in  floor  If',  as  shown  in  Fig.  174. 

In  Fig.  176  is  shown  the  wall  a;  b,  indicates  the  insula- 
tion in  door,  which  is  always  encased  in  waterproof  paper ;  c, 
is  the  hinge  casting,  secured  to  frame  by  bolts ;  d,  casting  at- 


Fio.  176. 


tached  to  door;  e,  the  long  hinge  bar;  g,  the  spring  which 
forces  door  in  against  the  packing,  the  pressure  of  which  is 
adjusted  by  the  set  screw  h. 


HINGES. 

A  hinge  consists  of  a  casting  placed  near  outer  edge  of 
casing  on  frame,  and  one  adjacent  center  of  door,  pivotally 
connected  to  opposite  ends  of  a  long,  well-shaped  bar  which 
passes  through  a  guide  or  stay  that  is  fastened  on  near  the 
heel  of  the  door.  A  curved  steel  spring  is  secured  in  this 
guide,  pressing  against  the  back  of  bar,  forcing  the  door  in 
tight,  compressing  the  packings.  This  pressure  is  regulated 
by  a  set-screw. 

The  hinges  are  extra  heavy  and  strong,  being  of  galvanized 
iron  or  polished  brass.     The  steel  spring  forces  the  door  in 
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tight,  but  set-screw  regulates  it,  so  as  to  ensure  the  same  pres- 
sure all  around  door.     See  Fig.  177. 

THE    FASTENER. 

The  fastener  is  simple  and  unique.  It  consists  of  a  bed- 
plate which  is  fastened  to  the  door,  in  which  slides  a  spring- 
projected  bolt  whose  outer  end  is  supplied  with  a  roller  to 
engage  keeper  on  frame.     In  closing  the  door  the  roller  strikes 

Fig.  177. 


THE  JONES  ADJUSTABLE  SPRING  HINGE. 

slanting  surface  of  keeper,  forcing  bolt  back  on  spring  until 
after  passing  most  prominent  part  of  keeper,  when  this  spring 
gets  in  its  work  by  forcing  bolt  out  again,  the  roller  going  in 
behind  keeper  on  a  slanting  surface,  which  produces  a  wedge 
action,  forcing  door  in  tight  and  compressing  all  packings. 

To  work  the  fastener  a  lever  handle  is  attached  to  a  shaft 
running  through  the  door.  The  lever  engages  the  bolt,  and 
pressing  down  on  the  lever  draws  the  bolt  out,  releasing  the 
door. 

A  second  lever  handle  is  attached  to  shaft  on  inside  of  door, 
so  that  it  is  opened   as  easily  from   one  side  as  the  other. 
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There  is  a  round  plate  on  each  side  of  door,  through  which 
the  shaft  passes,  the  under  side  of  which  is  hollowed  out,  and 
in  that  hollow  is  placed  a  rubber  packing,  or  washer,  to  ex- 
clude moisture  and  air.  In  using  the  door  simply  press  down 
the  lever,  the  door  comes  open,  walk  through,  give  door  a 
push,  and  it  closes  and  fastens  automatically. 

The  illustration.  Fig.  178,  represents  the  roller  bar  about  to 
engage  keeper  as  thte  door  is  being  closed. 

Fig.  178. 


THE  JONES  AUTOMATIC  FASTENER. 


INSULATION. 

We  give  here  some  of  the  various  methods  of  insulation  at 
present  in  vogue.  1st,  granulated  cork  encased  in  waterproof 
paper ;  2nd,  three  layers  of  waterproof  paper,  two  layers  of 
f "  hair  felt  with  a  dead  air  space  between ;  3rd,  two  layers 
Linofelt,  four  layers  waterproof  paper  with  a  dead  air  space 
between  ;  4th,  two  layers  of  Linofelt,  four  layers  waterproof 
paper,  one  layer  ^"  I.ith  ;  5th,  three  layers  V  hair  felt,  four 
layers  waterproof  paper ;  6th,  three  layers  V  sheet  cork,  four 
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layers  waterproof  paper ;  7th,  one  layer  V*  sheet  cork,  two 
layers  V  hair  felt  and  four  layers  waterproof  paper. 

The  reason  for  the  use  of  several  thicknesses  of.  the  same 
material  is  because  that  allows  the  use  of  paper  between  each 
layer,  for  the  dampness  must  be  excluded. if  possible,  and 
plenty  of  good  waterproof  paper  is  very  desirable,  as  it  also 
cuts  off  the  passage  of  air  through  the  door  at  the  same  time. 

Whenever  warm  and  cold  air  come  in  contact  they  produce 
a  condensation  of  moisture  and  water  is  precipitated,  which, 
running  down  over  the  door,  freezes  and  coats  that  side  with 
ice. 

Having  several  kinds  of  material  of  different  degrees  of 
density,  retards  the  circulation  of  air  more  effectively  and 
makes  a  better  insulation  than  if  the  whole  space  is  taken  up 
with  one  kind  of  material,  even  though  the  kind  used  be  of 
the  best. 

Doors  insulated  as  above  are  adapted  for  temperatures  of 
about  34°  F.  Freezer  doors  for  temperature  of  about  25°  F. 
may  be  built  on  similar  lines  by  providing  slightly  additional 
insulation  and  consequent  increase  in  thickness.  It  is  good 
practice  where  extremely  low  temperatures  are  required  to 
provide  air  locks. 

LITH  AND  LINOFELT. 

Insulations  in  board  and  quilt  form  produced  by  the  Union 
Fibre  Co.  are  known  as  Lith  and  Linofelt,  respectively.  These 
materials,  combined  with  a  liberal  and  judicious  use  of  water- 
proof cement,  called  antiaqua,  and  Portland  cement  plaster, 
permit  of  making  a  strictly  water-proof,  vermin-proof,  and 
eflHcient  insulation. 

Degummed  flax  fibre,  made  from  straw,  unbleached,  enters 
into  the  composition  of  both  the  products.  Linofelt  is  made 
of  this  material,  about  one-half  inch  in  thickness,  sewed  be- 
tween two  thicknesses  of  three-ply  water-proof  paper.  Antiaqua 
cement  is  used  for  water-proofing  the  edges  at  floors  and  ceil- 
ings and  around  all  openings.  Linofelt  is  soft  and  flexible^ 
and  is  shipped  in  rolls. 
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Lith  is  a  board  insulation  made  up  of  silica  rock  wool  com- 
bined with  the  degummed  flax  fibre.  It  is  essentially  a  min- 
eral wool  product  made  up  in  board  form,  convenient  for 
structural  purposes.  The  mineral  wool  ingredient  is  largely 
a  silicate  of  lime,  light,  fibrous,  elastic,  and  permanent  in 
chemical  composition.  It  is  produced  in  board  form  of 
dimensions  18''x48'',  and  of  one-half,  one,  two,  three,  or  four 
inches  in  thickness. 

RESULTS    OF   TESTS. 

Herewith  are  given  results  of  tests  of  the  insulation  values 

of  different  combinations  of  materials,  including  some  with  the 

materials  under  consideration  : 

Heat  units  transmitted  per 
24  liours  per  degree  F. 
Structure  of  Insulation.  difference  in  tem- 

perature. 
I.  Four  boards,  two  papers,  solid,  no  air  space    ....  4.28 
II.  Four  boards,  two  papers,  with  one  air  space  .   .   .   .3.71 

III.  Three  double  boards  and  paper  and  two  air  spaces    8.15 

IV.  Four       *»  ♦*        "        »*        *»    three  air  spaces.  2.70 
V.  Four  boards  and  paper  and  1'^  of  Linofelt .       .   .      2.30 

VI.  Two  boards  and  paper,  one  air  space,  "V  Lith,  and 

one  paper  and  board 1.79 

VII,  One  board,  paper,  3"  Lith,  paper,  one  board  .  .   .   .  1  69 

References  to  boards  and  paper  apply  to  f  spruce  boards 
and  P.  and  B.  insulating  paper. 

INVESTIGATIONS  OF  STRUCTURAL  INSULATION. 

The  Nonpareil  Cork  Manufacturing  Co.  conducted  a  series 
of  experiments  on  insulation  on  an  extensive  scale  and  with 
specially  designed  apparatus  adapted  to  produce  valuable  and 
reliable  results. 

Their  apparatus  consists  of  an  insulated  room  12  x  10  x  8 
feet,  the  temperature  of  which  can  be  held  at  any  point  de- 
sired, from  zero  Fahrenheit  up,  by  meai)s  of  a  compression 
machine  operating  with  direct  expansion.  A  uniform  tem- 
perature throughout  the  room  is  secured  by  forced  circulation, 
an  electric  fan  being  used  to  drive  the  air  up  over  the  expan- 
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sion  coils  which  are  inclosed  at  one  end  of  the  room.  The  air 
passes  out  and  down  through  a  false  ceiling  having  graduated 
perforations  arranged  to  allow  a  uniform  amount  of  cold  air 
to  fall  in  all  parts  of  the  room.  In  the  center  of  the  room  is 
an  insulated  box,  3x3x6  feet  inside  measurement,  having 
one  side  removable.  It  contains  an  electric  heating  coil  and 
a  small  electric  fan  arranged  to  give  a  circulation  of  air  and 
insure  a  uniform  temperature  in  all  parts  of  the  box.  Stand- 
ard thermometers,  both  mercurial  and  recording  air  pressure, 
reading  -jV^  F-»  are  so  placed  as  to  give  the  temperatures  of 
the  refrigerated  room  and  the  heated  box,  the  readings  being 
taken  outside  the  room.  This  obviates  any  necessity  of  the 
operator  entering  the  refrigerated  chamber  while  the  test  is 
being  made.  The  Weston  standard  ammeter  and  voltmeter 
measure  the  electricity  supplied  to  the  fans  and  heating  coil, 
and  a  suitable  rheostat  regulates  the  amount  of  the  current. 

The  method  of  determining  the  heat  conductivity  of  any  in- 
sulating construction  is  as  follows: 

The  temperatures  of  the  room  and  box  are  respectively 
lowered  and  raised  until  they  conform  to  the  conditions  under 
which  the  proposed  insulation  will  be  used.  Then  the  amount 
of  electricity  or  heat  supplied  to  the  box  is  gradually  dimin- 
ished by  means  of  the  rheostat,  until  the  point  is  reached 
where  the  temperature  in  the  box  remains  constant.  It  is 
evident  that  at  this  point  the  radiation  must  exactly  equal  the 
amount  of  heat  supplied,  or  there  would  be  a  rise  or  fall  in 
temperature,  as  the  case  might  be.  After  the  supply  and 
radiation  have  been  maintained  constant  for  two  hours,  read- 
ings are  taken  ever}'  five  minutes  for  three  hours  more.  If 
they  do  not  vary  more  than  one-tenth  of  1°  F.  they  are  con- 
sidered practically  exact.  The  average  is  taken  as  the  perma- 
nent radiation  of  the  box  under  the  given  conditions.  The 
box  contains  100  square  feet  of  surface,  measured  at  the  center 
of  the  insulation,  consequently  toit  of  the  total  radiation  is  the 
rate  per  square  foot.  This  rate  being  obtained,  the  removable 
side  of  the  box  is  replaced  with  a  side  constructed  of  the  in- 
sulation whose  value  is  desired.     The  test  is  then  repeated, 
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and  the  total  heat  loss  from  the  changed  box  will  be  greater 
or  less,  as  the  case  may  be.  The  removable  side  contains 
twenty  square  feet  surface,  therefore  eighty  square  feet  of  the 
box  remain  unchanged,  and  the  radiation  through  them  must 
be  the  same  as  before.  This  amount  is  at  once  determined 
from  the  previous  tests,  and  the  difference  between  the  total 
heat  loss  from  the  box  in  its  changed  condition  and  this 
amount  must  give  the  radiation  through  the  twenty  square 
feet  comprising  the  new  side  which  has  been  put  in.  One- 
twentieth  of  this  amount  is  of  necessity  the  rate  per  square 
foot,  and  this,  divided  by  the  difference  in  temperature  be- 
tween room  and  box,  will  give  the  exact  radiation  per  square 
foot  of  surface  per  degree  of  difference  in  temperature. 

As  a  result  of  the  investigations  it  has  been  found  that  the 
loss  of  heat  per  degree  difference  in  temperature  is  constant 
for  a  given  construction.  Accordingly,  it  is  possible  to  give  a 
definite  value  for  the  efficiency  in  heat  units  transmitted  per 
degree  difference  in  temperature  per  square  foot  of  surface. 

This  value  is  accordingly  given  herewith  for  various  com- 
binations together  with  details  as  to  construction  in  each  case. 

It  may  be  further  noted  that  in  the  case  of  air  spaces,  the 
thickness  of  the  same  is  immaterial,  a  thickness  of  2''  of  air 
being  equally  as  efficient  as  one  of  3'^ 
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Heat  units  transmitted  per  degree 

Thickness  of 

difF.  in  temp,  per  sq.  ft  sur- 

Figur 

Cork. 

face  per  24  hours. 

SOLID  CONSTRUCTION. 

y 

3.25 

179 

^f 

2.60 

180 

S'' 

2.25 

WITH  AIR  SPACE. 

181 

V 

1.70 
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1.20 
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.90 
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Fig.  179. 
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Fig.  185. 
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PITCH    CONSTRUCTION. 


Thickness  of 

Heat  units  trans- 

pitch. 

mitted,  etc. 

V 
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Fig.  189. 


Fig. 
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MILL    SHAVING    AND    MINERAL    WOOL    CONSTRUCTION. 

Heat  units  trans- 


Material. 
Mill  shavings. 
Mill  shavings. 
Mill  shavings. 


Condition.  Thicknes.**. 
Dry.  H'' 

Slightly  moist.  H'' 

Damp.  8'' 


mitted,  etc.  Fig. 

1.85  191 

1.80  191 

2.10  191 


PART  IV. 

USEFUL  INFORMATION  AND  TABLES. 


CHAPTER  I. 
PRACTICAL  REMARKS  ON  ICE-MAKING. 

The  operating  expenses  of  an  ice  plant  of  a  given  capacity 
can  be  pre-determined,  as  all  expenses  connected  with  the  fac- 
tory are  fixed  quantities  for  given  rates  of  production.  It  is 
in  every  sense  a  routine  business,  as  susceptible  of  exact  calcu- 
lation as  the  business  of  pumping  a  given  quantity  of  water. 

The  greater  the  capacity  of  the  plant,  the  less  the  cost  per 
ton  of  production.  Plants  of  a  daily  capacity  as  low  as  one 
ton  prove  remunerative  investments. 

Aside  from  the  influence  of  the  capacity  of  a  plant,  the  cost 
of  making  ice  also  varies  slightly  with  different  localities,  being 
affected  by  cost  of  fuel  and  labor,  the  diflfereuce  being  so  little, 
however,  that  we  find  ice  manufactured  and  sold  in  the  South 
quite  as  cheaply  as  natural  ice  in  the  Northern  cities.  It  is  a 
matter  of  congratulation  that  the  machine-made  ice  has  sup- 
planted natural  ice  wherever  introduced. 

PURITY    OF    MACHINE-MADE    ICE. 

From  a  sanitary  or  hygienic  point  of  view,  the  wholesome- 
ness,  cleanliness  and  clearness  of  ice  made  by  machinery  has 
attracted  the  attention  of  physicians,  who  recommend  its  use 
instead  of  natural  ice. 

The  water  used  for  freezing  in  ice  moulds  is  chemically  pure 
(distilled  water),  and  of  course  free  from  all  organic  matters, 
disease  germs,  etc.,  seen  in  natural  ice,   which  cause  diph- 

(349) 


350  ARTIFICIAL    ICE-MAKING    AND    REFRIGERATION. 

theria,  revel's  and  kindred  diseases.  It  is  rare  that  natural 
ice  can  be  found  entirely  free  from  impurities,  as  it  must  be 
gathered  from  filthj'  streams,  stagnant  ponds,  canals,  shallow 
and  still  waters,  or  basins  into  which  sewers  have  emptied,  or 
which  have  been  contaminated  by  receiving  the  surface  wash- 
ings of  the  soil,  at  all  times  laden  with  deleterious  organic 
and  decomposed  animal  matters. 

The  best  natural  ice  is  taken  from  the  potable  waters  of  the 
great  Northern  rivers  and  lakes,  or  large  and  deep  bodies  of 
water,  which  afford,  by  reason  of  the  great  severity  of  the 
winters,  an  immense  harvest,  and,  under  favorable  conditions, 
clear  crystal  ice.  This  ice,  under  the  microscope,  is  teeming 
with  organic  life,  and  is  far  from  being  as  pure  and  wholesome 
as  ice  manufactured  from  distilled  waters. 

While  Nature  manufactures  ice  without  cost  to  any  one,  the 
cost  of  cutting,  handling,  transportation,  loss  by  waste  and 
meltage,  and  expense  of  storing  when  gathered  from  the  ice- 
producing  localities  of  the  North  is  so  great  that,  even  in  cities 
as  far  north  as  New  York,  Philadelphia  and  Chicago,  manu- 
factured ice  can  be  produced  and  sold  at  a  handsome  profit 
and  in  direct  competition  with  the  famous  "Northern  lake" 
and  "  Kennebec  ice,"  as  practically  demonstrated  by  many  ice 
dealers  who  are  profitably  operating  ice  factories. 

An  analysis  of  the  reasons  why  ice  can  be  manufactured  and 
placed  on  the  market  cheaper  than  that  gathered  from  natural 
sources  will  be  interesting,  aside  from  a  consideration  of  the 
unquestioned  superiority  of  the  machine-made  article. 

Manufactured  ice  has  one  advantage  among  others,  of  being 
made  in  the  very  market  in  which  it  is  sold  and  consumed, 
hence  suffers  no  loss  and  occasions  no  extra  expense  for  trans- 
portation and  storage.  The  actual  demand  is  supplied  from 
day  to  day  by  making  the  ice  as  called  for,  drawn  from  the 
freezing  moulds  without  waste,  and  supplied  to  the  consumer 
direct,  without  intermediate  storage  and  loss  of  from  20  to  50 
per  cent,  by  melting  in  transportation. 
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WHAT  IS  NEEDED  TO  ESTABLISH  AN  ICE  FACTORY  ? 

The  first  and  most  important  thing  is  a  market  for  the  ice. 
While  the  home  or  local  demand  may  not  be  sufficient  to 
justify  entering  the  business,  your  proposed  ice  factory  may  be 
so  located  that  it  may  serve  as  a  center  of  supply  for  outlying 
towns  easily  reached  by  railroad  or  wagon  deliveries,  and  thus 
the  aggregate  demand  of  the  vicinity  may  justify  the  erection 
of  a  plant  of  not  less  than  two  tons  capacity.  (The  size,  how- 
ever, will  depend  upon  price  of  ice  obtainable.)  It  is  well 
known,  and  an  encouraging  thing  to  know,  that  the  demand 
for  ice  grows  larger  year  by  year,  and  the  introduction  of  first 
class  manufactured  ice  in  a  locality  is  simply  the  beginning  of 
a  constantly  increasing  and  substantial  business.  A  certainty 
of  supply  creates  a  demand. 

WATER  SUPPLY. 

Water  for  use  in  the'  factory  is  the  next  most  important 
consideration.  Be  sure  that  you  can  obtain  a  reliable  supply 
of  water  at  all  times  and  all  seasons,  calculating  upon  a  basis 
of  at  least  three  to  four  gallons  per  minute  for  every  ton  of 
proposed  ice-making  capacity.  Water  should  be  suitable  for 
feeding  boilers,  and  is  needed  for  condensing  the  ammonia, 
filling  ice  moulds,  distilling  and  cleaning.  Preferably,  the 
water  should  be  as  cold  and  pure  as  possible,  and  if  taken 
from  the  earth  from  an  artesian  or  deep  well,  all  the  better, 
because  colder. 

ICE-FACTORY    BUILDINGS. 

These  may  be  made  of  wood  or  brick,  depending  upon  the 
building  regulations  or  fire  restrictions  of  the  city  or  locality, 
as  well  as  upon  the  ambition  and  means  of  the  owner.  In 
most  cases  a  plain  and  well-built  wooden  building  is  used. 
The  building  should  be  divided  into  the  following  compart- 
ments: boiler  room,  engine  or  ice-machine  room,  tank  room, 
ice-storage  house  having  an  ante-room,  and  a  business  oflice. 

The  condensing  and  distilling  apparatus  may  be  placed 
upon  the  roof,  or  in  a  special  room.     In  either  case  they  should 
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be  protected' by  a  roof,  with  open  sides  of  lattice  or  screen 
work,  through  which  air  can  circulate.  A  convenient  plat- 
form for  loading  into  wagons  and  weighing  the  ice  is  also 
required. 

COLD  STORAGE. 

Special  cold  storage  rooms  for  preserving  butter,  eggs  and 
perishable  products  may  be  added  to  the  premises  with  profit 
if  the  locality  offers  any  inducement  to  provide  for  this  kind 
of  business. 

BOILER  POWER. 

Secure  ample  boiler  power,  and  a  point  worth  knowing  to 
your  future  advantage,  especially  in  larger  plants,  is  to  use 
two  boilers,  either  of  which  will  run  the  machinery  while  the 
other  is  being  repaired  or  cleaned.  This  is  well  to  take  into 
consideration,  as  ice  factories  are  run  continuously,  and  with 
a  single  boiler  it  means  a  stoppage  of  the  whole  factory  in 
case  of  accident  or  necessary  cleaning  of  boilers. 

ICE  CANS  OR  MOULDS. 

The  sizes  of  cans  in  common  use  are  shown  in  the  following 
table : 

50  Pound  Block  of  lee,    0"  x  12"  x  2S" 
100      '*  '^  ''  8''  X  16"  X  35" 

200      '*  **  "         11"  X  22"  X  35" 

300      **  '*  **  11"  X  22"  X  45" 

400      ^^  "  *'  Il"x22"x60" 

All  cans  should  have  wrought-iron  bands,  be  well  braced, 
riveted  and  soldered  smooth  inside,  galvanized  throughout, 
and  standard  taper. 

TRAVELING  CRANE  AND  ICE-CAN  HOIST. 

A  free-moving  light  traveling  crane  for  each  tank,  with 
geared  hand  hoist,  makes  it  easy  work  for  one  man  while  on 
watch  to  take  care  of  10  to  15  cans  per  hour.  An  air  hoist 
capable  of  handling  two  cans  at  a  time,  or  an  electric  crane 
capable  of  handling  any  desired  number  of  cans  may  be  used. 
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RUNNING   AN   ICB   FACTORY. 

It  is  important  in  ice-making,  where  the  greatest  production 
with  the  least  possible  cost  is  desired,  to  run  the  plant  day  and 
night,  making  the  operation  continuous.  Not  only  this,  but 
the  best  conditions  to  insure  the  best  quality  and  greatest 
quantity  should  be  observed  and  uniformly  held.  For  in- 
stance, in  drawing  the  ice,  it  must  be  done  with  regularity,  so 
many  cans  each  hour,  day  and  night,  and  the  drawing  uni- 
formly distributed  over  the  whole  area  of  the  tank. 

It  is  hardly  necessary  to  suggest  the  reason  why  the  ice 
should  be  drawn  systematically,  the  machine  run  at  regular 
speed,  steam -pressure,  water-supply,  boiler-feed,  and  all  tem- 
peratures maintained,  as  near  as  possible,  uniform. 

CLEANLINESS. 

Keep  all  parts  of  the  apparatus  clean  and  in  good  order. 
Let  nothing  become  foul  or  dirty  about  the  distilling  appar- 
atus, ice  cans  or  tanks.  Means  should  be  provided  for  purg- 
ing the  entire  distilling  system  by  steam,  and  the  use  of  a 
scrubbing  brush  and  harmless  solvents  is  recommended. 
Change  charge  in  your  filters  as  often  as  required. 

THE   ICE    FACTORY    CREW. 

The  ice  factory  crew  is  divided  in  two  watches  of  twelve 
hours  each.  For  instance,  on  a  50-ton  ice  plant  there  would 
be  one  engineer,  one  fireman  and  two  tankmen  on  each  watch. 

OPERATING    EXPENSES. 

Operating  expenses  of  a  factory  are  made  up  of  cost  of  fuel 
light,  oil  and  waste,  slight  loss  of  chemicals,  sundry  small 
repairs,  salary  of  superintendent  and  engineer,  with  wages  of 
firemen,  tankmen  and  other  labor.     It  is  a  paying  investment 
to  employ  good  men  and  best  fuel  obtainable. 

A  table  of  approximate  cost  of  ice-making  is  given  in  Chap- 
ter V,  Part  I,  on  Ice-Making,  page  55,  and  a  similar  table 
with  somewhat  different  basis  on  the  following  page. 
23 
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CHAPTER  II. 

TABLES  OF  TEMPERATURES  AND  RATES  OF  STORAGE. 

TEMPERATURE    FOR    PRESERVING   PRODUCTS.* 

The  following  table,  compiled  partly  from  tables  published 
in  American  Gardening,  partly  from  **  Hiles's  Ice  Crop,"  and 
partly  from  results  obtained  by  experiments,  shows  the  best 
temperature  for  preserving  some  of  the  most  common  horticul- 
tural products,  and  indicates  the  packages  in  which  they 
should  be  stored  and  the  time  they  may  be  expected  to  keep  : 


Product. 


Apples,  summer  .  . 
Apples,  winter  .   .    . 

Pears 

Peaches 

Grapes 

Plums 

Berries  and  cherries 

Bananas  

Lemons,  oranges  .  . 
Fig8,  raisins  .  .  .  . 
Watermelons  .  .  .  . 
Muskmelons .    .   .    . 

Tomatoes 

Cuci.mbers 

Celery 

Cranberries    .   .    .   . 

Onions 

Potatoes 

Asparagus,  cabbage 


Temperature, 
degrees. 


38  to  42 

32  to  35 

33  to  38 
36  to  38 
.38  to  40 
38  to  40 

40 

40 

40 

40 

40 

40 
38  to  42 
38  to  40 

35 

34  to  38 
34  to  40 
36  to  40 

34 


Package. 


Barrels  or  boxes  . 
Barrels  or  boxes  . 
Barrels  or  boxes    . 

Crates 

In  sawdust  in  boxes 

Crates 

Quart  boxes   .    .    . 

Crates 

Crates 

Boxes 

Crates 

Crates 

Boxes. 

Barrels. 

Barrels. 

Barrels. 

Boxes. 


Time. 


2  to  4  months. 

5  to  8  months. 
2  to  4  months. 
2  to    4  weeks. 

6  to    8  weeks. 

2  to    4  weeks. 

1  to  3  weeks. 
8  to  12  weeks. 
8  to  12  weeks. 
8  to  12  weeks. 

3  to    6  weeks. 

2  to  3  weeks. 
2  to  4  weeks. 
1  to    3  weeks. 


*  Experiment  Station  of  the  Kansas  State  Agricultural  College,  Horticultural 
Department.     Bulletin  No.  84.     April,  1899. 
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TEMPERATURE  FOR  COLD  STORAGE.* 


Merchandise. 


Temperature 
degreet  F. 

Apples 82-36 

Ale 33-36 

Asparagus 84-^5 

Bananas 34 

Beef,  fresh 33-^6 

Beef,  dried 36-40 

Beef,  corned 38-40 

Beer 38-35 

Beer,  bottled 46 

Berries 36-40 

Buckwheat  flour 86-40 

Butter 18-25 

Butterine 18-25 

Cabbage 34-35 

Canned  goods 35-40 

Canteloupes 34-85 

Calves    ...  32-33 

Carrots 34-35 

Celery 34-35 

Cheese 28-34 

Chestnuts 33 

Cider 30-35 

Cigars 32-35 

Corn  meal 36-40 

Cranberries 83-36 

Cured  goods 20-35 

Dates 50-55 

Dried  beans 32-40 

Dried  beef 86-40 

Dried  corn 35 

Dried  fish 35-36 

Dried  fruits 35-40 

Dried  peas 35-40 

Eggs 81-83 

Fish,  dried 35-36 

Fish,  fresh 20 

Fish,  canned 85-40 

Fruits,  dried 35-40 

Fruits,  fresh 32-36 

Furs 28-35 


MerchandUe. 


Temperalure 
degree*  F, 

Game,  frozen 25-28 

Ginger  ale 36 

Grapes 34-36 

Hams,  fresh 20 

Hogs 29-32 

Honey 46 

Hops 32-40 

Lambs 32 

Lard 88-40 

Lard  oil 40 

Lemons 83-86 

Liver 20-30 

Maple  sugar 40-45 

Maple  syrup 40-45 

Meats 35-40 

Nuts 35-40 

Oils 35 

Onions 36 

Oranges 34-36 

Ox-tails 80 

Oysters  in  shell 80-35 

Oysters  in  tubs       25 

Parsnips 34-35 

Peaches 34-36 

Pears 84-86 

Pork 40 

Porter 88 

Poultry,  frozen 20-28 

Sardines 35-40 

Sauer  kraut 85 

Sheep  . 32 

Shoulders,  fresh 20 

Sweet  com 35 

Syrup 40 

Tenderloins 83 

Tobacco     82-35 

Vegetables,  fresh 34-86 

Walnuts 86 

Wheat  flour 36-tO 

Wines 40-45 


*  Compitatlon  from  variotu  authorities. 
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CHAPTER  III. 

COMPARISON  OF  THERMOMETER  SCALES. 

FAHRENHEIT   AND   CENTIGRADE. 

Readings  for  Boiling  and  Freezing  Points. 


Reading 
Fahrenheit. 
212°.0 


r  180^  F 


32^0  ; 


0^0 


Difference. 
Boiling  Point. 

Freezing  Point. 


Reading 

Centigrade. 

100^0 


100^0  C.  i 


0°.0 


^2  0  V  Q 
!^    32°.0  F.  =         .        =  17°.77  +  C 


■  L, 


(17.77) 


METHODS   OP   CALCULATION. 

To  Obtain  Equivalent  Values  for  Degrees. 

180°  F.  =  100°  C. 

18°  F.  ==    10°  C. 

9°  F.  =      5°  C. 

1°  F.  =      f°  C. 

|0   p     ^  JO   c 

IN   GENERAL. 

a  =  number  of  degrees  F. 
b  =  number  of  degrees  C. 
a°  F.  =  a  X  f  °  C. 
b  X  f  °  F.  =  b°  C. 
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EXAMPLES. 

a  =  45*^. 

a°  F.  =45°  F.  =  a  X  *°  C.  =  i^X  5  o  q  ^  25°  C. 

^*^  45°  F.  =  25°  C. 
b  =  25°  C. 

b°  C.  =  25°  C.  =  b  X  1°  F.  =  ^^  ^^  ^  °  F.  =  45°  F. 

5 

^*^  25°  C.  =  45°  F. 

To  obtain  corresponding  temperature  readings. 
To  change  Reading  F.  to  Reading  C.  for  a  given  temperature.. 

(1)  Reading  F.  =  Number  of  degrees  F.  above  0.0  F. 

(2)  Reading  C.  =  Number  of  degrees  C.  above  0.0  C. 

(3)  Reading  F.  —  32  =  Number  of  degrees  F.  above  freezing. 

(4)  Reading  C.  =  Number  of  degrees  C.  above  freezing. 

,^^  (Reading  F.  —  32)  X  5       ^^      ^       ^  ^  ^    * 

(5)  •  o  ^  =  Number  of  degrees  C.  above 

freezing. 
Therefore  from  (4), 

,^^  (Reading  F.  —  32)  X  5      ^     ^.      ^, 

(6)  ^^ ^— g ^ =  Reading  C. 

To  change  Reading  C.  to  Reading  F.  for  a  Given  Temperature. 

(7)  Reading  C.  =  Number  of  degrees  C.  above  0.0  C. 

(8)  Reading  C.  =  Number  of  degrees  C.  above  freezing. 

^    Reading  C.X  9      ^^      ,        ^,  ^     ^        ^       . 

(9)  -   ^  =  Number  of  degrees  F.  above  freeznig. 

(10)  ^^  '"f    -      -  +  32  ^  Number  of  degrees   F.    above 

0.0°  F. 
Therefore  from  (1), 

(11)  -^^"'^'"f^-^^  +  32  =  Reading  F. 

EXAMPLES. 

Reading  F.  =  77°  F. 

(ReadingF.  — 32)X5  _(77  —  32)  X  5  ^.  45  X  5  ^  250  c 
9  9  "9"     .  ' 

,*,  Reading  77°  F.  =  Reading  25"  C. 
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Reading  C.  =  25°  C. 

Reading  C.  X  9       ^^       25  X  9       ^^      ]^      ^^      ^^ 
g h  32  =       g      +  32  =  45  +  32  =  77- 

^*»  Reading  25*^  C.  =  Reading  77°  F. 

Caution :  Note  diflference  between  simply  degrees  and  read- 
ing in  degrees. 

For  instance.  45°  F.  =  26®  C. 

But  reading,  77°  F.  =  reading  25°  C. 


CHAPTER  IV. 
AUXILIARY  APPARATUS. 

ICE  CANS. 

Ice  cans  are  commonly  made  of  heavy  galvanized  iron,  riv- 
eted and  soldered,  with  the  top  reinforced  with  a  band  of  same, 
[n  larger  sizes,  the  bottom  is  sometimes  made  heavier  than 
the  sides. 

The  general  shape  of  the  can  is  rectangular,  with  about  one- 
eighth  inch  taper  per  foot  in  depth,  the  bottom  being  smaller 
than  the  top.  This  feature  is,  of  course,  to  permit  the  block  of 
ice  to  readily  slip  out  from  the  can  after  it  has  been  loosened 
from  the  sides  by  the  application  of  warm  or  tepid  water  to 
the  outside  of  the  can.  The  depth  is  generally  two  or  more 
times  as  great  as  any  of  the  other  dimensions. 

The  amount  of  ice  per  can  will  depend,  of  course,  upon  the 
depth  to  which  the  cans  are  filled.  Whether  this  depth  shall 
be  even  tolerably  regular  or  not,  depends  upon  the  methods 
that  are  observed  in  regard  to  the  filling.  Methods  can  be 
employed  that  will  give  quite  uniform  results. 

The  time  of  freezing  will,  of  course,  depend  upon  the  tem- 
perature of  the  water  to  be  frozen  and  the  temperature  of  the 
brine. 

Details  of  standard  cans  are  given  on  page  49  and  50,  in 
Part  I,  Chapter  V,  on  ice-making. 

HOISTS  AND  TRAVELING  CRANES. 

It  is  needless  to  say  that  there  is  an  extended  variety  of 
apparatus  in  the  line  of  hoists  and  traveling  cranes  on  the 
market.  Nor  is  it  necessary  to  enlarge  on  the  utility  of  such 
apparatus.  How  much  apparatus  along  this  line  shall  be  in- 
stalled, is  a  matter  of  individual  consideration.    The  cases  are 
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rare,  indeed,  where  they  are  installed  in  which  they  do  not,  in 
a  short  space  of  time,  establish  themselves  as  an  indispensible 
adjunct  to  the  plant. 

Certainly  the  ideal  method  of  handling  the  frozen  product 
is  to  raise  the  can  with  the  ice  by  means  of  a  hoist  suspended 
from  a  traveler,  carry  it  along  by  means  of  the  traveler,  and 
deposit  it  to  the  ice  dump  directly. 

ICE  DUMP. 

The  ideal  ice  dump  will  receive  the  can  with  the  ice  from 
the  crane,  tip  so  that  the  ice  is  ready  to  slip  out  when  its  hold 
to  the  sides  of  the  can  has  been  released,  will  turn  on  the  warm 
or  tepid  water  automatically,  arranged  to  properly  spray  the 
can  so  as  to  most  efficiently  thaw  the  ice  holding  to  the  walls 
of  the  can,  and  after  the  ice  has  slipped  out,  will  turn  back  to 
the  original  position  and  at  the  same  time  automatically  turn 
off  the  water. 

A  refinement  in  details  is  found  in  the  method  of  carrying 
oflfthe  flow  of  water,  and  in  design  to  combine  neatness  with 
efficiency  and  reliability. 

FILLING  CANS. 

The  matter  of  filling  cans  is  one  of  those  practical  matters 
connected  with  an  ice  plant  that,  if  properly  planned  and  pro- 
vided for,  will  run  along  smoothly  and  seem  to  take  care  of 
itself,  or  will,  in  the  contrary  case,  give  trouble. 

Among  the  troubles  may  be  mentioned  overflowing  the  can, 
with  the  consequent  weakening  of  the  brine.  Overflowing  of 
the  brine  tank  may  cause  damage  to  the  insulating  material 
of  the  tank.  A  properly  arranged  overflow  outlet  will  prevent 
the  moistening  of  the  insulation. 

FLOAT  DEVICE. 

Automatic  can  fillers  are  on  the  market  that  are  reliable, 

and  pay  for  themselves  in  a  very  short  time.     The  automatic 

feature  consists  in  a  float  arranged  to  shut  off  the  water  when 

the  can  is  filled  to  the  depth  desired.     Thus  a  uniformity  in 

24 
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the  level  of  the  water  is  obtained,  and  in  case  the  cans  are  of 
the  same  dimensions,  the  cakes  of  ice  will  be  of  practically 
uniform  size  and  weight. 

WALL   DEVICE. 

An  arrangement  that  is  simple  and  reliable  for  preventing 
an  over-supply  of  water  to  the  can  and  at  the  same  time  ensur- 
ing a  uniform  amount  of  water  per  can,  is  shown  in  Fig.  J  92. 

Fig.  192. 


CAN-FILLING  DEVICE. 

The  same  consists  in  an  apparatus  bolted  against  the  wall, 
used  in  connection  with  a  storage  tank  for  storing  the  water 
to  be  used  for  the  ice-tank  supply. 

The  arrangements  referred  to  consists  of  two  round  galvan- 
ized iron  tanks  B,  B^  each  tank  holdii^  practically  the  amount 
of  water  necessary  for  the  supply  to  a  can.     These  tanks  are 
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connected  by  a  special  four-way  cock,  so  designed  as  to  allow 
the  water  coming  from  the  storage  tank  A  to  enter  and  fill 
one  tank,  while  the  water  is  flowing  out  of  the  other  to  the 
can. 

The  pipe  E  conducts  the  water  through  a  hose  to  the  can 
being  filled.  Pipe  G  is  the  connection  between  the  storage 
and  the  filling  tanks. 

Pipes  D,  D  are  small  f-inch  pipes,  open  at  the  top  and  ex- 
tending to  the  height  of  the  top  of  the  storage  tank.  These 
apparently  insignificant  features  are  more  important  than  may 
at  first  appear  to  be  the  case.  For  while  they  aflbrd  outlets 
for  the  air  to  escape  that  is  displaced  by  the  water,  they  at  the 
same  time  serve  to  regulate  the  quantity  of  water  for  each 
supply.  As  they  extend  above  the  level  of  the  water  in  the 
tank,  the  level  of  the  water  in  the  tank  will  limit  the  supply 
in  each  case.  On  account  of  the  small  bore  of  the  pipe,  diflJ&r- 
ences  in  quantity,  due  to  differences  in  the  level  of  the  water 
in  the  tank,  will  be  inappreciable. 

A  small  rope,  one-half  inch  in  diameter,  running  along  the 
side  of  the  freezing  tanks,  is  connected  so  that  a  pull  either 
way  will  throw  the  handle  of  the  cock  C.  When  one  can 
supply  is  run  out,  no  more  water  will  run  until  the  rope  is 
pulled,  throwing  the  cock  lever. 

FILTERS  AND  FILTRATION. 

The  place  of  a  good  filter  in  an  ice-making  plant  is  well 
established,  The  objections  to  foreign  matter  in  ice  are  due 
to  the  inherent  objectionable  qualities  of  such  foreign  matter, 
and  also  to  the  fact  that  its  presence  results  in  a  discolora- 
tion of  the  ice. 

Red  core  and  other  discolorations  in  ice  are  due  to  the  pres- 
ence of  iron  rust,  oil,  dust,  and  other  foreign  matters.  The 
function  of  a  filter  is  to  remove  all  such  foreign  matter  from 
the  water  before  freezing. 

THE   INTERNATIONAL   FILTER. 

The  International  Filter,  shown  in  Figs.  193  and  194,  com- 
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mends  itself  for  its  simplicity  and  eflFectiveness.  The  filter- 
body  consists  of  two  shells,  wl\ich  are  hinged  together,  and 
clamped  around  the  edge  by  means  of  hand  bolts.  This  filter- 
body  is  mounted  on  an  independent  pedestal,  which  may  be 
removed  in  the  event  of  insufficient  fall  of  water,  so  that  the 
filter  can  be  used  in  a  very  narrow  range  of  height. 

The  filtering  is  accomplished  by  means  of  filter  discs,  locked 

Fig.  193. 


THE  INTERNATIONAL  FILTER 


securely  between  the  two  shells.  The  inlet  is  in  the  lower 
shell,  while  the  outlet  is  in  the  upper  one.  Accordingly,  all 
the  water  must  pass  through  the  filler  discs,  as  there  is  no  way 
for  it  to  pass  around  them. 

The  upward  filtration  is  particularly  advantageous,  as  the 
heavy  particles  tend  to  fall  away  from  the  filter  discs  instead 
of  clogging  them. 

Filter  discs  of  special  cloth  are  used,  which  will  arrest  rust, 
congealed  oil,  etc.,  in  the  distilled  water.  In  cases  where  the 
rust  or  other  foreign  matter  is  very  finely  divided,  or  where 
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natural  water  is  used,  filter  discs  of  pure  compressed  cotton 
fibre  are  used  in  addition  to  the  special  cloths. 

The  compressed  cotton  fibre  discs  are  very  inexpensive  and 
are  discarded  when  clogged,  while  the  special  cloth  discs  are 
used  indefinitely,  being  washed  before  re-using. 

Fio.  IM. 


THE  INTERNATIONAL   FILTER:  OPENED  FOR  CHANGING  FILTERING 

CIX)THS. 

The  water  can  be  shut  off,  the  filter  opened,  the  discs 
changed,  and  the  filter  closed  and  put  in  operation  again  in- 
side of  two  minutes. 

DIRECTIONS  FOR  USING  THE  INTERNATIONAL  FILTER. 

Open  filter,  place  on  lower  screen  two  of  the  special  cloth 
discs,  close  filter  and  lock  tightly. 
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When  the  flow  of  water  becomes  slow,  (an  indication  that 
the  discs  are  clogged),  close  inlet,  open  the  faucet  at  bottom 
and  the  air  cock  on  top  of  filter,  open  the  filter,  remove  the 
lower  disc  and  replace  with  a  fresh  one  on  top.  Close  the  filter 
and  it  is  again  ready  for  use. 

If  the  water  contains  large  quantities  of  rust  or  other  very 
fine  particles,  use  one  of  the  compressed  cotton  fibre  discs,  in 
addition  to  the  special  cloth  discs,  placing  it  between  same. 

The  cloth  discs  when  clogged  must  be  thoroughly  washed, 
and  can  be  used  indefinitely. 

When  in  changing  the  special  cloth  disc  the  compressed 
cotton  fibre  disc  is  found  to  be  clogged,  discard  same  and  re- 
place with  a  fresh  one. 

The  filter  should  be  placed  after  the  storage  tank,  and  as 
close  as  possible  to  the  filling  hose,  so  that  there  can  be  no 
opportunity  for  subsequent  contamination. 

From  two  to  three  pounds  pressure  is  suflScient  to  operate 
the  filter. 

Where  there  is  practically  no  difference  in  height  between 
the  water  level  in  the  storage  tank  and  the  top  of  the  ice  cans, 
a  pump  with  regulator  attachment  may  be  used.  Cases  of  this 
kind  are  rare,  and  are  dealt  with  specially. 

If  the  required  elevation  is  not  available,  the  filter  may  be 
removed  from  the  pedestal  and  placed  directly  upon  the  freez- 
ing tank  or  on  the  floor  beside  same. 

When  using  the  filter  for  distilled  water  for  bottling,  com- 
pressed cotton  fibre  discs  are  used  in  place  of  the  special  cloths. 
When  the  lower  compressed  cotton  fibre  disc  is  clogged,  it  is 
removed,  discarded  and  replaced  with  a  fresh  one  on  top. 

CONSTRUCTION. 

The  International  Filter  is  made  of  iron,  heavily  galvanized, 
with  brass  fittings  and  trimmings,  and  of  high-grade  brass, 
block-tinned  throughout.  The  fittings  are  all  of  standard 
sizes. 

The  filter  is  manufactured  in  four  different  sizes,  with 
capacities  as  shown  in  table  given  below : 
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Capacity. 

Gallons  of  water  Tons  of  ice  per 

FiLTiiai.                                per  hour.  day. 

Number  0 76  3  to  5 

Number! 160  12  to  18 

Numbers 600  35  to 60 

Number  6 1100    ~  70  to  100 

AMMONIA    DISTILLER    AND    PURIFIER. 

This  apparatus,  when  installed  in  connection  "with  a  refrig- 
erating or  ice-making  plant,  enables  the  operator  to  re-distill 
the  entire  charge  of  ammonia  without  withdrawing  it  from 
the  system  and  without  interfering  for  one  moment  with  the 
continuous  operation  of  the  plant.  If  used  regularly,  in  the 
usual  operation  of  the  plant,  it  keeps  the  ammonia  at  all  times 
in  a  perfectly  pure  and  anhydrous  condition,  a  condition  im- 
possible to  attain  without  its  use,  and  one  which  is  absolutely 
essential  to  the  obtaining  of  the  highest  efficiency  from  a  re- 
frigerating machine. 

The  liquid  ammonia  with  its  impurities  is  let  into  the  dis- 
tiller from  the  liquid  receiver,  oil  trap,  or  direct  from  the 
condenser,  through  the  liquid  inlet  A.  Fig.  195.  The  inlet 
valve  should  be  left  open  until  the  glass  gauge  shows  that  the 
reservoir  is  slightly  more  than  half  full.  The  ammonia,  re- 
lieved of  the  pressure  which  has  until  now  kept  it  in  the  form 
of  a  liquid,  begins  to  expand  into  a  gaseous  form,  the  hori- 
zontal position  of  the  apparatus  affording,  when  the  reservoir 
is  half  full,  an  evaporating  surface  of  over  six  square  feet. 

The  ammonia  vapor  passes  out  through  the  pipe  B  into  the 
liquid  trap  which  is  designed  to  prevent  the  possibility  of  any 
liquid  being  carried  over  into  the  compressor.  This  trap  is 
connected  by  the  pipe  C  with  the  suction  line  to  the  com- 
pressor. In  order  to  accelerate  the  vaporizing  of  the  ammonia, 
a  steam  pipe  is  provided  for  raising  the  temperature  in  the 
distilling  apparatus.  The  steam  enters  through  the  pipe  D. 
which,  as  will  be  seen,  is  inserted  in  another  and  larger  pipe. 
A  drain,  marked  E,  is  provided  for  taking  care  of  the  water 
of  condensation. 
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Care  should  be  taken  that  the  temperature  of  the  liquid  is 
not  raised  above  60  to  70  degrees  Fahrenheit,  and  to  this  end 
the  pressure  recorded  on  the  pressure  gauge  should  not  be 
allowed  to  go  above  90  to  100  pounds.  The  temperature  cor- 
responding to  a  pressure  of  90  pounds  is  approximately  60 
degrees,  and  that  is  high  enough  to  make  the  evaporation 
quite  rapid  and  at  the  game  time  is  low  enough  to  preclude 
the  vaporizing  of  any  oil  or  water  contained  in  the  liquid 
ammonia.  By  observing  the  pressure  gauge  at  the  end  of  the 
apparatus,  the  operator  can  tell  when  the  operation  is  complete 
and  when  all  of  the  liquid  which  will  evaporate  has  been 
vaporized.  The  outlet  valve  F.on  the  suction  line  of  the 
compressor  should  be  left  open  until  the  pressure  in  the  reser- 
voir is  reduced  to  that  existing  in  the  suction  line  to  the 
machine,  as  indicated  by  the  low-pressure  gauge  in  the  engine- 
room. 

The  valve  F  should  then  be  closed  and  the  remaining 
liquid,  consisting  of  oil,  water  and  other  impurities,  discharged 
from  the  apparatus  through  the  drain  pipe  G,  which,  it  will 
be  observed,  is  placed  at  the  lowest  point'  of  the  head.  A 
drain,  marked  H,  is  provided  for  draining  the  liquid  trap  of 
any  impurities  that  may  have  been  carried  along  with  the 
vapor  from  the  reservoir  of  the  apparatus.  A  safety  valve  is 
provided  in  a  by-pa&s  around  the  liquid  trap  so  that  in  the 
event  that  the  valves  are  not  properly  opened  to  relieve  the 
pressure,  there  will  be  no  danger  of  accidents. 

This  apparatus  is  substantially  made  and  will  outlast  almost 
any  other  part  of  the  apparatus  used  in  connection  with  a 
refrigerating  plant.  Its  cost  is  very  slight  indeed  when  com- 
pared with  the  many  advantages  to  be  derived  from  always 
having  the  ammonia  in  a  pure,  anh3'drous  condition,  and 
thus  being  at  all  times  able  to  get  the  maximum  efficiency 
from  the  plant. 

The  references  given  above  apply  to  Fig.  195,  which  shows 
the  apparatus  in  elevation. 


5-  o  "^ 


AUXILIARY   APPARATUS.  377 

ATTEMPERATORS. 
FLAT    COIL   TYPE. 

This  type  of  attemperator  is  illustrated  in  Figs.  196  and 
197.  A  plan  view  is  shown  in  Fig.  196,  while  in  Fig.  197  is 
shown  an  elevation  with  a  section  of  the  vat  removed.  These 
attemperators  are  made  of  extra-heavy  pipe.  They  are  sus- 
pended from  the  top  of  the  vats. 

Fkj.  196. 


Ki(i.  1M7. 


FLAT  COIL   ATTEMPERATOR. 


They  can  be  arranged  stationary,  or  may  be  provided  with 
swivel  joints,  so  that  they  can  be  swung  up  out  of  the  vat. 
They  are  made  of  1  J,  IJ  and   2-inch  iron  pipe  ordinarily, 
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though  brass  or  copper  may  be  used.     The  diameter  of  the 
coil  is  made  to  suit  the  dimensions  of  the  fermenting  tubs. 

Other  examples  are  shown  in  Figs.  IG,  17  and  18  (Boj^le) 
and  Fig.  15  (Eclipse),  the  latter  showing  a  complete  system. 

WOLF    CYLINDRICAL   ATTEMPERATOR. 

In  Figs.  198  and  19,  page  34,  are  shown  illustrations  of 
the  Wolf  patent  attemperator.  Fig.  198  shows  a  view  of 
the  attemperator  alone,  while  Fig.  19  shows  the  attemper- 
ator in  position  with  a  section  of  the  vat  removed.  The 
attemperator  is  supported  by  cord,  attached  at  three  points, 
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which  unite  and  pass  over  a  pulley  overhead,  by  means  of 
which  it  can  be  raised  or  lowered  as  desired.  To  permit  this 
to  be  done,  the  connections  with  the  pipe  mains  for  the 
circulating  medium  are  made  flexible. 

This  attemperator  is  an  improvement  over  the  flat  coil  type. 
It  is  made  of  planished  and  tinned  heavy  copper,  or  galvan- 
ized  iron,  and  has  a  large  cooling  surface  in  proportion  to  its 
weight.  It  consists  of  two  hollow  cylinders,  put  together  so  as 
to  form  one  cylinder  with  hollow  walls.  Between  these  walls 
are  w^ires  or  strips  following  a  helical  course,  leading  from  the 
supply  to  the  discharge  pipe,  as  shown  by  the  dotted  lines  in 
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Fig.  198.  The  cooling  water  accordingly  follows  a  winding 
course  in  its  passage,  and  cools  the  liquid  contents  of  the  vat 
in  contact  with  both  the  inside  and  the  outside  of  the  cylinder. 
This  type  of  attemperator  is  made  in  two  sizes,  the  data  in 
regard  to  which  are  as  follows : 


Diameter  of  equlraleni 

Diameter.          Height 

CoollDg  surface. 

Iron  coil. 

18  inches  X  18  inches. 

14J  square  feet. 

10  feet. 

86  inches  X  30  inches. 

47   square  feet. 

34  feet. 

CHAPTER  V. 
TABLES  ON  AMMONIA  AND  COMPRESSOR  CAPACITY. 

CAPACITY    OP    MACHINES   AMD  WATER  CONSUMPTION    FOR  AMMO- 
NIA   COMPRESSION   SYSTEMS. 

We  give  below  a  few  average  values,  based  upon  the   re- 
quirements for  the  ammonia  compression  system. 


Horse- power 
Required. 


10 

15 

20 

30 

40 

50 

60 

75 

100 

150 

200 

300 

400 

500 


Capacity  of  Machine  in  tons 

Quantity  of 

per  24  hours. 

Water. 

Ice-melting. 

Ice-making. 

Gallons  per  hour. 

5.0 

2.5 

480 

10  0 

5.7 

960 

15.0 

8.8 

1.440 

23.7 

14.4 

2,400 

32.0 

19.3 

3,100 

40.4 

24.5 

3,800 

48.6 

29.6 

4,050 

60.7 

37.1 

4,950 

81.5 

61.4 

6,700 

125.0 

79.0 

7,800 

170.0                        105.0 

9,600 

256.0 

158.0 

12,400 

343.0 

210.0 

15,000 

430.0 

260.0 

17,700 
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PROPERTIES  OF  SATURATED  AMMONIA. 

(  WOOD-DAVIDSON. ) 


Temperature. 

Pressure. 

Heat  of  Vaporization. 

Weight  per 
cubic  foot. 

Fahreuhelt 
degrees. 

Poun< 
square 

Is  per 
inch. 

Th 
Latent 

Brmal  Units. 
Sensible 

Pounds. 

Scale. 

Absolute. 

Absolute. 

Gauge. 

or 

or 

Total. 

Vapor. 

Liquid. 

Internal. 

External. 

t        1        T 

P 

Pi 

Li 

L„ 

L 

w, 

w. 

—40 

420.66 

10.69 

—4.01 

531.44 

48.23 

679.67 

.0410 

42.689 

—36 

425.66 

12.31 

-2.39 

528.44 

48.48 

676.68 

.0469 

42.338 

—30 

430.66 

14.13 

—0.67 

624.92 

48.77 

573.69 

.0536 

42.12:^ 

—25 

435.66 

16.17 

+1.47 

521.62 

49.06 

570.68 

.0608 

41.858 

-20 

440.66 

18.45 

3.76 

518.29 

49.38 

667.67 

.0690 

41615 

—15 

445.66 

20.99 

6.29 

614.97 

49.67 

664.64 

.0779 

41.374 

—10 

450.66 

23.80 

9.10 

611.62 

49.99 

661.61 

.0878 

41.135 

—5 

455.66 

26.92 

1222 

508.25 

50.31 

668.56 

.0988 

40.900" 

0 

460.66 

30.37 

15.67 

504.82 

60.68 

656.50 

.1107 

40.650 

4-5 

465.66 

34.16 

19.46 

601.59 

50.84 

552.43 

.1240 

40.404 

10 

470.66 

38.34 

23.64 

498.22 

51.13 

649.65 

.1383 

40.160 

15 

475.66 

42.94 

28.24 

494.93 

61.33 

546.26 

.1541 

39.920 

20 

480.66 

47.95 

33.26 

491.54 

51.61 

543.16 

.1711 

39.682 

25 

485.66 

63.43 

38.73 

488.23 

51.80 

640.00 

.1897 

39.432 

30 

490.66 

59.42 

44.72 

484.91 

52.01 

636.91 

.2099 

39.200 

35 

495.66 

65.92 

61.22 

481.56 

52  22 

533.78 

.2318 

38.940 

40 

500.66 

72.99 

58  29 

478.21 

62.42 

630.63 

.2554 

38.684 

45 

505.66 

80.66 

65.96 

474.85 

62.62 

527.47 

.2809 

38.461 

50 

510.66 

88.96 

74.26 

471.48 

52.82 

524.30 

.3084 

38.226 

55 

515.66 

97.92 

83.22 

468.11 

5:^.01 

521.12 

.3380 

37.994 

60 

520.66 

107.69 

92.80 

4€4.72 

63.21 

517.93 

.3697 

37.736 

65 

525.66 

118.03 

103.33 

461.35 

53.38 

514.73 

.4039 

37.481 

70 

530.66 

129.19 

114.49 

457.85 

53.57 

611.52 

.4401 

37.230 

76 

535.66 

141.22 

127.52 

454.23 

53.76 

608.29 

.4791 

36.995 

80 

540.66 

154.10 

139.40 

450.70 

63.96 

505.05 

.5205 

36.751 

86 

545.66 

167.88 

153.18 

447.66 

54.15 

501.81 

.5649 

36.509 

90 

560.66 

182.62 

167.92 

443.83 

64.28 

498.55 

.6120 

36.258 

95 

555.66 

198.35 

183.66 

440.88 

54.41 

495  29 

.6622 

36.023 

100 

560.66 

215.12 

200.42 

4:^6.96 

54.54 

492.01 

.7153 

36.778 

106 

565.66 

232.98 

218.28 

434.08 

54.67 

488.72 

.7757 

110 

670.66 

251.97 

237.27 

430.64 

54.78 

485.42 

.8312 

115 

575.66 

272.14 

258.74 

427.40 

54.91 

482.41 

.8912 

120 

580.66 

293.49 

275.79 

423.76 

55.03 

478.79 

.9608 

125 

685.66 

316.16 

301.46 

420.39 

56.09 

475.45 

1.0310 

130 

690.66 

340.42 

325.72 

416.94 

55.16 

472.11 

1.1048 

135 

595.66 

365.16 

350.46 

413.63 

55.22 

468.76 

1.1824 

140 

600.66 

392.22 

377.52 

410.09 

55.29 

465.39 

1.2642 

146 

606.66 

420.49 

405.79 

406.67 

55.34 

462.01 

1.3497 

150 

610.66 

450.20 

435.60 

402.23 

56.39 

458.62 

1.4396 

165 

616.66 

481.54 

466.84 

399.79 

55.43 

455.22 

1.6358 
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CUBIC  FEET  OF  AMMONIA  GAS  PER  MINUTE  TO  PRODUCE  ONE 
TON  OF  REFRIGERATION  PER  DAY. 

CX)NDKNSER. 


p 

4 
6 
9 

P 

t 

-20° 
-16° 
-1(P 

103 

115 

127 
760 

139 

153 

850 

168 

185 

200 

218 

660 

70O 

80O 

90O 

950 

1000 

1050 

5.84 
6.35 
4.66 

6.9 
5.4 
4.73 

6.96 
6.46 
4.76 

6.03 
6.52 

4.81 

6.06 
5.58 
4.86 

6.16 
6  64 
4.91 

6.23 
6.70 
497 

6.30 
5.77 
6.05 

6.43 
6.83 
6.08 

13 
16 
20 

-6° 
OP 
6^ 

4.09 
3.69 
3.20 

4.12 
3.63 
3.24 

4.17 
3.66 
3.27 

4.21 
3.70 
3.30 

4.25 
3.74 
3.34 

4.30 
3.78 
3.38 

4.35 
3.83 
3.41 

4.40 
3.87 
3.45 

4.44 
3.91 
3.49 

24 
28 
33 

20°  i 

2.87 
2.69 
2  31 

2.9 

2.61 

2.34 

2.93 
2.65 
2.36 

2.9« 
2  68 
2.38 

299 
2.71 
2.41 

8.02 
2.73 
2.44 

3.06 
2.76 
2.46 

3.09 
2.80 
2.49 

3.12 
2  82 
2.51 

39 
45 
51 

25<"| 
30° 
35° 

2.06 
1.85 
1.70 

2.08 
1.87 
1.72 

2.10 
1.89 
1.74 

2.12 
1.91 
1.76 

2.15 
1.93 
1.77 

2.17 
1.95 
1.79 

2.20 
1.97 
1.81 

2.22 
2.00 
1.83 

2.24 
2.01 
1.85 

SOLUBILITY  OF  GASES  IN  WATER. 

SOLUBILITY  OF  GASES  IN  WATEB  AT  ATMOSPHERIC  FB1SSITBE. 


1  Vol.  Water  dis- 
solves Vols.  Gas. 


Air      

AmmoDia  ■  .  . 
Carbon  Dioxide 
Sulphur  Dioxide 
Marsh  Gas  .  . 
Nitrogen  .  .  . 
Hydrogen  .  .  . 
Oxygen  ... 


32«  Fahr. 


.0247 

1049  6 

1.7987 

79.789 

.0346 

.0204 

.0193 

.0411 


39.2*' Fahr. 


.0224 

941.9 

1.6126 

69.828 

.0499 

.0184 

.0193 

.0372 


60^  Fahr. 

60«  Fahr. 

70°  Fahr. 

.0195 

.0179 

.0171 

812  8 

727  2 

664.0 

1.1847 

1.0020 

.9014 

66.647 

47.276 

39.374 

.0437 

.0391 

.o:r>o 

.0161 

.0148 

.0140 

.0191 

.0193 

.0193 

.0325 

.0299 

.0284 

TABLES   OF    AMMONIA    AND   COMPRESSOR   CAPACITY. 
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HORSE  POWER  PER  TON  OF  REFRIGERATION. 

CONDENSER  PRESSURE  AND  TEMPERATURE. 


^  i  p 

>5  ; 

SI  • 

«  I  18 

*•  I  16 

§;  3<> 

S  !  28 

2  I  33 

i  39 

e  46 

1  »1 


p 

103 

65° 

116 

127 

139 

163 

ffi° 

168 

m 

200 

218 

t 

70° 

75P 

80° 

W> 

95P 

100° 

1(»° 

-260 
-150 
-lOO 

1.058-1 
.y«72 
.902G 

1.1301 

l.W?J2 

.9777 

1.2051 
1.14.M) 
1.0453 

1.2832 
1.2221 
1.1183 

I.8MII 
1.3001 
11926 

1.4427 
1.4101 
1.2602 

1.5251 
1.4609 
1.8471 

1.6090 
154')8 
1.4852 

1.(1910 
1.7800 
1.5098 

-5P 
0° 

.8184 
.73  2 
.C6<]d 

.8008 
.7312 

.0537 
.R6I8 
.7046 

1.0280 
.932'< 
.8593 

1.0935 

1.0019 

.9278 

1.1679 

1.0718 

.9978 

1.2487 
1.1467 
1.0656 

1.8209 
1.2194 
1.1381 

1.8964 
1.2547 
1.2121 

10° 
150 
20° 

.6915 
.M10 
.4745 

.C620 
.f»!i98 
.5340 

.?257 
.(1641 
.5W3 

.7894 
.7-276 
.6710 

.8545 
.7924 
.7148 

.9205 
.8553 
.7796 

.9911 
.9224 
.M20 

1.0595 
.9943 
.9031 

1.1294 

1.0608 

.9786 

250 
85° 

.4103 
.3n(>9 
.8005 

.4ri50 
.40n6 
.3.V16 

.ft227 
.4612 
.4101 

.5804 
.5178 
.4666 

.5992 
..Vi55 
.5214 

.7022 
.6358 
.5804 

JPfn 
.6944 
.6396 

.«289 
.7590 
.7009 

.8922 
.8172 
.7629 

HORSE  POWER  REQUIRED  TO  COMPRESS  ONE  CUBIC  FOOT  OF 
AMMONIA  PER  MINUTE, 

CONDKNSER  PRESSURE  AND  TEMPERATURE. 


h 

P 

P 

103 

116 

127 

75° 

139 

163 

168 

184 

200 

218 
105° 

< 

t 

65° 

Am 

70° 

80° 
.2128 

85° 

90° 

95° 

100° 

H 

4 

-2(1° 

.1016 

2022 

.2235 

.?342 

.2048 

.2554 

.2661 

£ 

6 

-15° 

.IMU 

.19S0 

.20  7 

.2214 

.2:«w 

.2447 

.2563 

.2679 

.2796 

9 

—10° 

.1W7 

.2067 

.2106 

.2:<  5 

.24.M 

.2583 

.2712 

.2-*42 

.'.971 

IS 

—5° 

.2001 

.21 44 

.2287 

.2430 

.2578 

.2716 

.2R59 

.30  2 

.314^ 

at 

16 

(P 

.2918 

.22(KJ 

.2:M« 

.2-21 

.2679 

.28:« 

.2994 

.8151 

.3309 

0 

20 

6° 

.208:* 

.2257 

.24:«> 

.2  04 

.2778 

.2952 

.3125 

.3296 

.3173 

5 

24 

10° 

.2096 

.2->6 

.2477 

.2667 

.2858 

.3048 

.32<9 

.8429 

.3»'.ao 

04 

28 

15° 

.20S9 

.22!W 

.2506 

.2  15 

.29  4 

.3183 

.8:142 

.8551 

.8760 

r 

83 

20° 

.2a%4 

.22X2 

.2510 

.27:W 

.2  66 

.0195 

.33-23 

.3661 

.8879 

39 

25° 

.11H.)2 

.221« 

.24S9 

.2  38 

.29H7 

.82:^^ 

.:M8^ 

.3784 

.8988 

t 

48 

3'»° 

.1H97 

.2ir.9 

.2440 

.2711 

.29  2 

.3253 

.8524 

.3795 

.4066 

Ot 

61 

86° 

.176H 

.2062 

.2:«>7 

.2661 

.2946 

.8241 

.8585 

.8:80 

.4124 

NoTK.— Tbeac  figures  do  not  allow  for  faction. 
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TABLE  SHOWING  REFRIGERATING  EFFECT  OF  ONE  CUBIC  FOOT 

OF  AMMONIA  GAS  AT  DIFFERENT  CONDENSER  AND  SUCTION 

(BACK)  PRESSURES  IN  B.  T.  UNITS, 


J. 

^Z'a 

Temperature  of  the  Liquid  in  Degrees  F. 

Il 

C    5  .S 

lisf 

66°       70°       76°       80°       86°       90°       95°     100°      106° 

s  t 

6si 

mperat 
inDeg 

Corresponding  Condenser  Pressure  (gauge),  lbs.  per  sq.  in. 

^ 

G.Pi-es. 

103 

115       127       139       153       168       184      200       218 

1 

1            1 

-27° 

1 

27.30 

27.01    26.73   26.44 

26.16    26.87 

25.59!  25.30 

25.02 

—20° 

4 

33.74 

33.40   33.041  32.70 

3-2.34;  31.99 

31.64 

31.30 

30.94 

-15° 

6 

36.36 

36.48    36.10!  36.72 

35.34    34.96 

34.58 

34.20 

33.82 

-10° 

9 

42.28 

41.84    41.41    40  97 

40.54,  40.10   39.67 

39.23 

38.80 

—6° 

13 

48.31 

47.81    47.321  46.82 

46.33;  45.83    45.34 

44.84 

44.35 

0° 

16 

54.88 

64.32   63.76'  63.20 

53.64i  52.08    61.62   50.96 

50.40 

6° 

20 

61.5u;  60.87i  60.251  69.62 

59.00   68.37    57.75   57.12 

56.50 

lO'^ 

24 

68.(!6   67.97|  67.27 

66.58 

(«.88   65.19    64.49    63.80 

63.10 

15° 

28 

75.88 

75.12,  74.35 

73.59 

72.82    72.06    71.29    70.53 

69.76 

20^^ 

33 

85.15 

84.30   83.44 

82.59 

81.731  80.88    80.02    79.17 

78.31 

26° 

39 

95.50   94.54   93.58 

92.63 

91.fi8    90.72.  89.97    88.81 

87.86 

30° 

46 

106.21  105.15104.09103.03 

101.97  100.911  99.851  98.79 

97  73 

36° 

51 

115.69  114.64123.39,112.24 

1            1            1 

111.09  109.94  108.79ll07.64  106.49 

1            i            1            1 

TABLE  GIVING  NUMBER  OF  CUBIC  FEET  OF  GAS  THAT  MUST  BE 
PUMPED  PER  MINUTE  AT  DIFFERENT  CONDENSER  AND  SUC- 
TION  PRESSURES,  TO  PRODUCE  ONE  TON  OF  REFRIGERATION 
IN  TWENTY-FOUR  HOURS. 


2r-         ?2c 
o^       .S  ="" 

e2     ,     ^ 


65° 


Temperature  of  the  Gas  in  Degrees  F. 

70°       75°       80°       85°       90°       96°     100°     105° 


.   Corresponding  Condenser  Pressure  (gauge),  lbs.  per  sq.  in. 
103       115       127       139       163       168       184      200      218 


G.  Pres. 

1 

-27°  , 

1 

7.22     7.3 

7.37 

7.46 

— 20O  1 

4 

,   5.84  1  5.9 

5.96 

6.03 

-15°  1 

6 

5.35     5.4 

5.46 

5.52 

-lOo  1 

9 

1   4.(56  1  4.78 

4.76 

4.81 

-50 

13 

i   4.09  '  4.12 

4.17 

4.21 

00  1 

16 

i   3..'^9  !  3.^3 

3.66 

3.70 

50  1 

20 

,   3.20  i  3.24 

3.27 

3.30 

10°  , 

24 

1   2.87  1  2.9 

2.'.»3 

2.96 

15^^ 

28 

1   2.69  !  2.01 

2  65 

2.68 

20° 

33 

'   2.31   1  2.34 

2  36 

2.38 

2,1° 

39 

1   2.06  1  2.08 

2.10 

2.12 

30° 

45 

1.85  1  1.87 

1.89 

1.91 

35° 

61 

'   1.70  j  1.72 

1.74 

1.76 

7.64 
6.09 
5.58 
4.86 
4.25 
3.74 
3.34 
2.99 
2.71 
2.41 
2.15 
1.93 
1.77 


7.62 

7.70 

6.16 

6.23 

5.64 

5.70 

4.91 

4.97 

4.30 

4  35 

3.78 

3.83 

3.38 

3.41 

3.02 

3.06 

2.73 

2.76 

2.44 

2.46 

2.17 

2.20 

1.95 

1.97 

1.79 

1.81 

7.79 

7.88 

630 

6.43 

5.77 

5.83 

5.05 

5.08 

4.40 

4  44 

3.87 

3.91 

3.45 

3.49 

3.09 

3.12 

2.80 

2.82 

2.49 

2.51 

2.22 

2.24 

2.00 

2.01 

1.83 

L85 

CHAPTER  VI. 

CHARGING  AMMONIA  COMPRESSION  PLANT. 

Under  this  head  may  be  included  the  charging  of  a  new 
plant  or  a  plant  from  which  the  ammonia  has  been  evacuated, 
and  the  adding  to  the  charge  of  a  plant  already  in  operation 
to  make  up  for  deficiencies  and  losses.  The  former  may  be 
considered  under  the  title  of  supplying  the  first  charge,  and  the 
latter  under  the  title  of  supplying  additional  charge. 

SUPPLYING  THE  FIRST  CHARGE. 

After  the  apparatus  has  been  all  put  together  and  the  pro- 
cess of  charging  is  to  be  taken  up,  the  first  operation  should 
consist  in  pumping  air  into  the  entire  system  to  a  high  pres- 
sure, say  500  pounds  per  square  inch,  and  testing  the  system 
for  leaks  at  this  pressure. 

After  being  satisfied  that  the  pressure  is  maintained  satis- 
factorily and  the  indications  are  that  the  system  has  no  leaks, 
the  air  should  be  pumped  out  and  as  good  a  vacuum  as  pos- 
sible should  be  obtained. 

Ammonia  gas  should  now  be  admitted  to  the  system  from  a 
supply  tank  until  a  pressure  of  about  one  atmosphere  is  ob- 
tained. The  system  is  now  filled  with  a  mixture  t)f  ammonia 
gas  and  the  remnant  of  air  that  was  not  pumped  out.  By 
pumping  out  this  mixture  until  a  good  vacuum  is  again 
obtained  and  re-admitting  ammonia  gas,  the  amount  of  air 
remaining  in  the  system  will  be  reduced  to  a  minimum. 
This  condition  is  obtained  of  course  at  the  sacrifice  of  some 
ammonia  gas. 

Specific  directions  are  given  in  detail  below. 

SUPPLYING  ADDITIONAL  CHARGE. 

In  the  handling  of  the  supply  tank  for  charging  a  plant 
with  anhydrous  ammonia  the  first  step  to  be  taken  is  to  weigh 
25  (385) 
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the  tank  with  the  gas.  The  net  weight  of  the  ammonia  in  a 
standard  tank  would  be  from  100  to  110  pounds. 

After  weighing,  the  tank  should  be  placed  in  position  for 
emptying.  This  means  in  the  first  place  to  raise  the  closed 
end  about  twelve  to  fifteen  inches  higher  than  the  other,  by 
blocking  the  same  up.  Further,  for  convenience,  the  opening 
for  the  outlet  valve  should  point  upwards.     See  Fig.  199. 

The  size  of  the  connecting  pipe  between  the  outlet  valve  of 
the  tank  and  the  inlet  valve  of  the  system  should  be  |  inch. 

When  the  connections  are  made  they  should  be 'tested  by 
opening  the  valve  cautiously. 

If  the  connections  prove  to  be  tight  the  valve  may  be  fully 
opened,  and  the  machine  started  and  kept  running  at  a  slow 


Fig.  199. 


POSITION  OF  TANK  TO  BE  KMPTIBI). 

rate  until  the  tank  is  empty.     The  appearance  of  frost  on  the 
surface  of  the  tank  indicates  that  the  tank  is  nearly  empty. 

The  operation  is  finished  when  the  suction  gauge  indicates 
that  atmospheric  pressure  has  been  reached  and  is  not  changed 
when  the  machine  is  stopped.  If  the  pressure  rises  the 
machine  should  be  started  up  again  and  run  until  such  will 
not  be  the  case  when  it  is  again  stopped.  After  emptying, 
close  first  the  valve  on  the  tank  and  then  the  inlet  valve  of 
the  system  before  disconnecting.  At  the  last  stage  in  the 
process  weigh  the  tank. 

SPECIFIC   DIRECTIONS    FOR   SUPPLYING    FIRST   CHARGE. 

Upon  completion  of  the  erecting  of  an  ice-making  plant  we 
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find  an  engine  with  gas  pumps  attached  for  pumping  the 
ammonia  gas,  the  pump  being  not  unlike  air  compressors ; 
also  a  system  of  pipe  work  attached  to  both  the  discharge  and 
suction  side  of  the  gas  pump.     See  Fig.  200. 

This  system  is  complete  within  itself,  with  three  openings 
left  to  the  atmosphere. 

The  first  of  these  three  is  a  charging  connection  for  permitting 
ammonia  gas  to  enter  from  the  charging  tanV  K. 

The  second,  on  the  top  of  the  condensing  system  at  its 
highest  point  J,  is  for  removing  air  whicli  may  from  time  to 
time  enter  while  making  changes  in  the  ammonia  system. 

The  third  is  usually  at  the  lowest  point  in  the  system  O 
connected  to  the  trap  E,  attached  to  the  refrigerating  pipe 
system  D  for  the  removal  of  oil,  water  or  dirt  which  may  col- 
lect in  the  same. 

On  the  completion  of  the  plant,  the  connections  at  the  dis- 
charge and  suction  side  of  the  gas  compressor  should  be 
opened  and  the  engine  and  compressor  run  until  you  are 
satisfied  they  are  in  working  order. 

When  the  engine  and  compressors  work  smoothly,  close  up 
the  fiange  connection  on  the  discharge  at  F,  also  the  gas 
valve  at  N,  leaving  connections  at  H  open.  This  allows  the 
pumps  to  draw  in  air,  and  an  air  pressure  to  accumulate  in 
the  piping. 

The  object  in  this  accumulating  of  air  pressure  is  to  test 
joints  for  leaks. 

If  no  leaks  are  found,  pump  air  pressure  to  about  100  lbs. 
per  square  inch,  then  stop  until  the  heat  generated  in  the 
compression  of  the  air,  which  will  raise  the  temperature  to 
about  150  degrees  F.,  has  passed  away. 

While  your  engine  is  stopped,  make  a  careful  examination 
for  leaks,  as  it  is  absolutely  necessary  to  have  tight  pipe  work, 
for  the  loss  of  ammonia  gas  means  the  loss  of  ability  to  do 
refrigerating. 

After  allowing  the  machine  to  lie  still  about  one  hour,  start 
up  again  and  pump  up  pressure  to  200  lbs.  per  square  inch, 
and  again  allow  the  machine  to  cool  down.     Continue  this 
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method  of  pumping  pressures  until  you  have  a  pressure  of 
500  lbs.  per  square  inch,  when  the  suction  flange  H  should 
be  bolted  tight  and  the  valve  N  opened.  This  will  give  you 
a  pressure  of,  say  450  lbs.,  on  all  sides  of  the  gas  pump.  At 
this  time  it  will  be  found  that  the  stuflSng-box  leaks  a  large 
amount  of  air. 

As  soon  as  you  definitely  determine  that  all  joints  around 
the  compressor  are  tight,  shut  off  the  suction  and  discharge 
valves  N  and  M,  and  allow  the  pressure  to  remain  in  the 
piping.  The  object  of  closing  the  two  valves  is  to  prevent 
the  loss  of  air  around  the  piston  and  stuffing-box. 

The  air  pressure  in  the  piping  will  fall  as  the  air  becomes 
cooled,  or  falling  from  a  temperature  of  100  degrees  to  70 
degrees  F.,  pressure  should  fall  about  23  lbs.  per  square  inch 
providing  there  are  no  leaks  in  the  piping  or  joints. 

While  pumping  a  pressure  on  the  coils,  the  return  pressure 
gauge  R  must  be  closed  ofiF  at  cock  4.  These  gauges  are 
usually  of  the  class  known  as  a  combination  gauge,  recording 
both  pressure  and  vacuum  ;  in  other  words  marking  the  con- 
dition from  absolute  pressure,  which  means  the  absence  of 
atmospheric  pressure. 

The  high  pressure  can  be  noted  on  the  gauge  P,  which 
is  usually  constructed  to  permit  the  indication  of  pressures  us 
high  as  500  or  600  lbs.  per  square  inch. 

If  the  system  is  found  to  be  tight,  pump  the  air  out  of  the 
piping.  Close  the  cock  M  on  the  discharge  side  of  the  gas 
pump  and  open  the  flange  F,  which  will  permit  the  dis- 
charge of  the  air.  Open  the  valve  N  on  the  suction  side  and 
permit  the  air  pressure  to  discharge. 

When  the  pressure  is  at  atmosphere,  open  the  return  pres- 
sure gauge  R  and  close  off*  the  direct  pressure  gauge  by  closing 
cock  2.  The  reason  for  shutting  off"  this  last  gauge  is  that  it 
does  not  register  below  atmosphere,  so  that  if  it  is  not  done 
the  interior  mechanism  of  the  gauge  will  be  injured. 

Start  the  gas  pumps  and  discharge  the  air  at  flange  F. 
Care  muet  be  taken  in  doing  this,  for  if  any  oil  is  discharged 
with  air,  which  comes  out  in  a  spray^  like  a  fog,  and  it  should 
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come  in  contact  with  the  light  of  a  candle  or  of  gas,  there 
would  be  a  sharp  explosion,  caused  by  the  carbon  of  the  oil 
mixing  with  the  oxygen  of  the  air  and  other  elements,  and 
result  in  much  damage. 

Having  pumped  the  air  from  the  pipes  until  the  combina- 
tion or  back  pressure  gauge  R  registers  26  or  28  inches 
vacuum,  which  would  mean  the  removal  of  at  least  90  per 
cent,  of  the  air  in  the  plant,  attach  a  shipping  tank  of  am- 
monia K  to  connection  5,  and  allow  sufficient  gas  to  enter  to 
raise  the  pressure  to  atmosphere. 

There  is  now  90  per  cent,  of  ammonia  gas  mixed  with  10 
per  cent.  air.  Close  all  connections,  and  pump  the  gas  to 
pressure  in  the  condenser  and  examine  again  for  leaks. 

If  the  work  so  far  is  found  to  be  all  right,  open  flange  F, 
close  cock  M,  and  pump  this  mixture  of  gas  and  air  to  the 
atmosphere  until  there  is  26  or  28  inches  vacuum.  This  will 
leave  10  per  cent,  of  the  air  and  gas  in  the  piping,  but  as  90 
per  cent,  of  this  is  ammonia,  the  charge  would  only  have  one 
per  cent,  of  air. 

Next  permit  the  ammonia  gas  to  flow  in  and  fill  the  piping 
to  atmosphere,  which  will  force  out  what  air  remains  in  the 
compression  chambers ;  then  close  up  all  pipe  connections  and 
the  relief  cock  L,  and  start  water  oyer  the  condensing  coils. 

Start  the  gas  pumps  and  permit  the  gas  to  enter  from  the 
shipping  tank,  and  pass  through  the  refrigerating  coils  to  the 
pressure  side  of  the  machine  until  it  obtains  sufficient  pressure 
to  liquefy  and  deposit  itself  in  the  liquid  tank  C. 

After  a  sufficient  amount  of  gas  is  put  to  properly  charge 
the  plant,  it  is  ready  for  refrigerating  or  ice-making. 


CHAPTER  VII. 

CHARGING  AND  WORKING  A  CARBONIC  ANHYDRIDE 

PLANT. 

BBFORE    CHARGING. 

Fill  the  compressor  with  glycerine  and  run  the  machine 
for  one  or  two  hours  with  all  the  valves  wide  open. 

CHARGING. 

The  steel  flasks  each  contain  about  40  pounds  of  COg.  The 
number  of  flasks  required  will  depend  upon  the  size  of  the 
machine.  Suspend  the  flask,  valve  upwards,  from  a  spring 
balance  and  connect  by  a  copper  pipe  to  the  evaporator. 
See  that  connecting  joints  are  tight. 

Note  the  weight. 

Open  the  valve  on  the  flask  and  on  the  evaporator.  After 
the  COg  has  passed  into  the  system,  note  the  weight  again. 
The  difference  is,  of  course,  the  weight  of  CO2  that  has  passed 
into  the  machine. 

After  the  flasks  are  half  empty  (not  before),  warm  them 
with  hot  water.  When  empty,  close  the  valve  while  the  flask 
is  still  warm.  If  the  flask  still  contains  CO,  it  will  remain 
cold  at  the  lower  end. 

When  first  charging  a  new  machine,  blow  the  air  out  of 
the  system  by  breaking  the  joint  between  the  regulator  and 
the  pipe  leading  to  it,  the  regulator  being  closed  and  all  other 
valves  opened,  and  blow  two  or  three  pounds  of  CO9  through. 

As  the  pressure,  while  charging,  rises,  carefully  examine  all 
joints.  The  slightest  leaks  become  visible  when  the  joints  are 
painted  over  with  soap  and  water  as  prepared  for  shaving. 

(391) 


392  ARTIFICIAL   ICE-MAKING    AND   REFRIGERATION. 

GAUGES. 

The  CO9  gauges  on  condenser  and  evaporator  show  on 
outer  circle  the  pressure  in  atmospheres,  and  on  the  inner 
circle  the  corresponding  temperature  of  COg. 

WORKING   CONDITIONS. 

Having  fully  charged,  start  the  machine  with  all  valves 
open,  and  adjust  the  regulator  (i.  «.,  the  inlet  valve  of  the 
evaporator),  so  that  the  condenser  gauge  will  indicate  on  inner 
circle  five  degrees  to  ten  degrees  above  the  temperature  of  the 
cooling  water  at  the  inlet  to  the  condenser,  and  the  evaporator 
gauge  ten  degrees  to  fifteen  degrees  below  the  temperature  of 
the  brine  or  water  to  be  cooled. 

Under  ordinary  working  conditions  the  compressor  should 
be  cold  or  partly  covered  with  snow,  and  the  delivery  pipe 
from  it  should  be  rather  warmer  than  the  hand  can  comfort- 
ably bear.  If  the  delivery  pipe  is  not  hot  enough,  slightly 
close  the  regulator,  when  the  temperature  will  quickly  rise. 
If  compressor  becomes  warm,  it  points  to  regulator  being  in- 
suflBciently  open. 

If  unable  to  obtain  the  conditions  called  for  above,  then  the 
system  is  short  of  gas.  As  a  further  test  of  this,  close  the 
regulator.  If  the  evaporator  gauge  falls  rapidly  and  continu- 
ously, the  system  is  short  of  gas.  If  sufficiently  charged,  this 
gauge  should  remain  almost  stationary  for  several  revolutions 
of  the  machine.  Moreover,  if  sufiicient  gas  is  present,  the 
condenser  gauge  could  hardly  rise  at  all,  even  after  working 
two  minutes. 

If  short  of  gas,  or  in  doubt,  add  more.  Some  extra  gas  in 
the  system,  up  to  a  quarter  charge,  will  do  no  harm.  It  will 
be  indicated  by  condenser  gauge  showing  20  or  more  degrees 
above  inlet  water  temperature.  If  machine  is  short  of  gas, 
the  refrigerating  work  done  will  be  but  a  fraction  of  its  proper 
duty. 

BRINE. 

The  temperature  at  which  the  brine  is  to  be  maintained 
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will  depend  upon  the  refrigeration  that  is  to  be  performed. 
The  density  should  be  regulated  by  the  addition  of  chloride  df 
calcium  until  Twaddles'  No.  2  densimeter  shows  40  degrees, 
or  till  one  gallon  weighs  12.5  pounds. 

COMPRESSOR  PISTON. 

The  clearance  spaces  at  the  ends  of  the  compressor  being 
small,  they  must  be  maintained  equal  at  both  ends. 

The  piston  is  packed  with  hydraulic  leathers,  which  will 
require  examination  and  removal  occasionally.  It  is  very 
necessary  that  the  nut  securing  these  leathers  should  be  well 
screwed  up  and  locked.  Where  new  leathers  are  put  in,  it  is 
advisable,  two  days  after  starting,  to  tighten  the  nut  up  again. 

VALVES. 

The  suction  and  delivery  valves  will  also  require  occasional 
examination.  When  they  require  regrinding  spare  ones  may 
be  put  in. 

In  the  case  of  machines  with  the  valve  seatings  making 
double  joints,  see  that  both  copper  rings  are  equally  crushed 
by  the  valve  casing.  Leakage  at  the  outer  joint  will  indicate 
itself  outside,  but  at  the  inner  joint  will  not  be  perceptible 
except  in  reducing  the  work  done  by  the  machine. 

TEST. 

To  test  the  work  of  the  compressor,  close  the  regulator, 
when  the  evaporator  gauge  should  be  pumped  down  from  say 
25  atmospheres  to  5  atmospheres  in  about  200  revolutions. 
If  slower,  either  the  valves  or  the  pistons  are  faulty. 

GLAND. 

This  is  packed  with  two  hydraulic  leathers,  between  which 
a  pressure  of  glycerine  is  maintained  by  means  of  the  special 
lubricator  provided.  The  gland  should  not  be  screwed  up  too 
hard.  The  lubricator  will  require  pumping  up  after  some 
hours'  work,  and  when  the  piston  has  moved  four  inches. 
This,  lM)wever,  should   not  occur  under  three  hours  if  the 
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gland  leathers  and  compressor  rod  are  in  good  order.  The 
lubricator  valve  should  be  opened  a  full  term.  The  glycerine 
which  leaks  from  gland  should  be  caught,  and,  after  filtering, 
used  again.  Great  eare  should- be  taken  to  keep  compressor 
rod  free  from  scratches  or  marks,  which  would  rapidly  destroy 
the  gland  leathers. 

If  short  of  leathers,  the  gland  may  be  temporarily  packed 
with  ordinary  tallowed  packing,  thus:  first  put  in  two  or 
three  turns  of  packing,  then  the  spiral  ring,  and  then  fill  up 
with  packing,  care  being  taken  that  the  ring  comes  opposite 
the  glycerine  outlet,  when  the  gland  is  screwed  up. 

SEPARATOR. 

Any  glycerine  passing  into  the  compressor  will  be  caught 
in  the  separator,  and  must  be  drawn  off*  twice  daily  by  slack- 
ing nut  at  bottom,  and,  after  filtering,  used  over  again. 

GLYCERINE. 

All  glycerine  should  be  free  from  water,  acid  and  dirt. 

STRAINER. 

On  suction  side  of  compressor  is  a  strainer,  which  should, 
with  a  new  machine,  be  taken  out  and  cleaned  after  the  first 
and  second  day,  and  then  occasionally. 

STOPPING  AND  STARTING. 

When  stopped,  it  is  not  necessary  to  close  any  valves.  The 
gauges  will  then  equalize,  standing  at  the  pressure  of  the 
evaporator.  Before  starting  care  should  be  taken  that  the 
valves  are  open,  but  should  this  be  neglected  a  safety-valve  is 
provided  to  relieve  pressure. 

SPEED. 

The  speed,  of  course,  varies  according  to  the  size  of  the 
machine. 

LEAKAGE. 

It  is  very  necessary  that  all  pipes,  joints  and  glands  of 
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spindle  valves  should  be  carefully  examined  and  kept  tight. 
For  the  first  few  days  especially  they  should  be  examined 
daily,  and  all  bolts  and  gland-nuts  screwed  hard  up.  The 
most  minute  leak  must  be  instantly  stopped. « 

TO  EXAMINE  COMPRESSOR. 

Close  the  suction  and  deliver}',  screw  down  valves,  and 
slack  off  a  joint  to  let  the  gas  escape.  Make  sure  all  pressure 
is  gone  before  opening  up. 

EXTENDED  SHUT-DOWN. 

When  the  machine  is  to  be  stopped  for  a  week  or  more  the 
piston-rod  should  be  withdrawn  and  careAilly  oiled  or  painted 
with  tallow  and  white  lead  to  avoid  rusting. 

STORES. 

A  supply  of  the  following  must  bo  kept  on  hand  : 
Flasks  of  COj. 
Glycerine. 

Chloride  of  calcium. 
Compressor  piston  leathers. 
Compressor  gland  leathers. 
Glycerine  lubricator  leathers,  two  sizes. 
Set  of  delivery  valves  (and  seats,  where  loose). 
Set  of  suction  valves  (and  seats,  where  loose). 
Compressor  piston-rod,  highly  polished. 
Safety-valve  discs. 

CONCLUSION. 

Details  in  the  above  would  of  course  be  varied  in  accord- 
ance with  different  conditions,  those  given  applying  in  general 
to  the  Hall  system. 


CHAPTER  VIII. 

THE    EFFECT    OF    CARBONIC    ANHYDRIDE    ON    HUMAN 
HEALTH  AND  LIFE. 

The  use  of  carbonic  anhydride  as  a  refrigerating  agent  in- 
volves the  consideration  or  the  appreciation  of  the  harmless- 
ness  of  the  effect  of  the  same  upon  human  health  and  life. 

We  must  look  to  Europe  for  practical  and  scientific  investi- 
gations along  this  line.  From  numerous  experiments  carried 
out  by  Dr.  Marcet,  and  described  in  the  Croonian  lectures 
delivered  by  him  before  the  Royal  College  of  Physicians  of 
London,  he  concludes  that  if  after  breathing  an  atmosphere 
heavily  charged  with  CO 2,  a  person  breathes  fresh  air,  the 
blood  quickly  recovers  its  normal  state  of  aeration,  and  gives 
out  the  whole  of  the  CO  3  which  is  absorbed.  He  also  quotes 
with  approval  Paul  Pert*s  conclusions  that  when  the  atmos- 
phere breathed  is  so  heavily  charged  with  COj  that  death 
occurs,  in  such  cases  death  is  due  to  want  of  oxygen,  and  that 
the  CO  2  is  absolutely  innocuous. 

As  to  the  proportion  of  this  gas  in  the  atmosphere  which 
can  be  breathed  with  impunity,  some  experiments  have  been 
made  by  Dr.  von  Pettenkofer  and  Professor  Emmerich,  who, 
in  company  with  others,  shut  themselves  up  in  a  small  vault 
of  the  Institute  of  Hygiene  at  Munich  with  bottles  of  liquid 
CO2,  the  contents  sufficient  to  charge  the  atmosphere  with  17 
per  cent,  of  CO 2.  The  vault  was  lit  with  candles.  The  gas 
was  allowed  to  escape,  and  after  eight  minutes  some  difficulty 
in  respiration  was  experienced  ;  after  15  minutes  some  of  the 
candles  went  out,  and  others  were  burning  very  faintly.  By 
this  time  the  bottles  were  empty.  A  sample  of  the  atmos- 
phere was  then  taken,  and  on  analysis  gave  8.54  per  cent,  of 
CO2.     One  person  remained  in  the  vault  for  25  minutes,  and 
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on  leaving  he,  as  well  as  the  rest  of  the  party,  in  a  few 
minutes  entirely  got  over  the  effects  of  the  experiment. 

Rabbits  have  for  over  an  hour  withstood  34  per  cent.,  and' 
after  being  in  an  atmosphere  containing  even  60  per  cent, 
for  three-quarters  of  an  hour,  they  have  quickly  recovered 
in  the  open  air. 

The  fact  that  a  flame  is  extinguished  before  the  atmosphere 
becomes  too  bad  to  breathe  is  a  safeguard  of  easy  application. 

The  idea  that  any  CO 2  escaping  from  a  machine  would,  in 
virtue  of  its  greater  weight  than  the  atmosphere,  lie  on  the 
floor  of  the  room,  is  erroneous,  as,  of  course,  the  gas  diffuses- 
with  the  atmosphere,  and  this  action  is  still  further  iusured 
by  the  fact  that  any  appreciable  leakage  will  be  at  high 
velocity. 

After  these  remarks  it  may  be  readily  credited  that  it  ia 
common  practice  in  the  workshop  after  testing  refrigerating 
apparatus  using  CO 2  to  blow  out  the  whole  contents  without 
the  least  inconvenience  to  the  workmen. 


CHAPTER  IX. 

THE  THERMOPHONE. 

An  interesting  as  well  as  useful  instrument,  which  among 
its  various  applications  includes  the  field  of  refrigeration,  is 
the  thermophone.  There  is  something  fascinating  about  it  to 
one  who  understands  enough  about  electricity  to  grasp  the 
ideas  involved  in  the  telephone,  the  Wheatstone  bridge,  and 
the  change  of  resistance  of  an  electrical  conductor  with  a 
change  in  temperature.  To  one  who  does  not  comprehend 
these,  the  deeper  the  mystery,  the  greater  the  wonder  and 
admiration.  Just  think  of  determining  the  temperature  by 
the  ear.  What  then  is  the  thermophone?  This  much  our 
Greek  scholar  could  tell  us,  even  though  this  might  be  the 
limit  of  his  ability  to  help  us  out. 

The  thermophone  is  an  electrical  thermometer  of  the  resist- 
ance type.  It  is  especially  valuable  in  determining  the  tem- 
perature of  a  distant  or  inaccessible  place.  It  was  devised  for 
the  purpose  of  obtaining  the  temperature  of  the  water  at 
diflFerent  depths  in  a  reservoir.  It  was  so  successful  in  opera- 
tion that  its  inventors  were  encouraged  to  study  further  into 
the  capabilities  of  the  instrument  with  a  view  to  adapting  it 
to  scientific  and  commercial  work. 

Many  resistance  methods  for  the  determination  of  tempera- 
ture have  been  used.  All  depend  upon  the  principle  that  the 
resistance  of  a  conductor  to  the  electrical  current  varies  with 
its  temperature.  It  is  readily  seen  that  any  apparatus  cap- 
able of  measuring  the  resistance  of  the  material  may  also  be 
used  to  measure  its  temperature,  as  one  is  the  function  of  the 
other.  In  the  instrument  under  consideration,  advantage  has 
been  taken  of  the  fact  that  diflFerent  metals  have  different 
electrical  temperature  coeflBcients. 

Two  resistance  or  temperature  coils  of  diflFerent  metals,  such 
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as  copper  and  German  silver,  are  placed  side  by  side  to  be 
under  the  same  conditions  of  temperature.  The  outer  ends  of 
these  coils  are  connected  by  leading  wires  to  the  terminals  of 
a  slide  wire  where  connections  with  a  battery  are  made. 

From  the  junction  of  the  inner  ends  a  third  wire  is  carried 
to  a  movable  contact  on  the  slide  wire.  This  third  wire  has 
m  its  circuit  a  galvanometer  or  a  telephone  used  in  connec- 
tion with  a  current  interrupter,  operated  by  an  independent 
battery  supply,  for  the  purpose  of  indicating  the  presence  of  a 
current.  The  whole  is  a  form  of  the  Wheatstone  bridge,  and 
the  sliding  contact  is  moved  in  the  proper  direction  to  balance 
the  changing  resistances  of  the  bridge  coils.  For  each  degree 
of  temperature  there  will  be  a  different  position  of  the  slider, 
and  by  a  proper  calibration  a  graduated  scale  will  be  made. 
In  practice  the  slide  wire  is  wound  around  the  periphery  of  a 
disc,  the  upper  surface  of  which  is  graduated  in  degrees  of 
temperature.  The  slide  presses  against  the  slide  wire,  and  the 
movable  index  shows  the  temperature  of  the  distant  coils. 

The  temperature  coils  and  third  wire,  properly  insulated, 
are  inclosed  in  a  thin  brass  tube,  strongly  and  hermetically 
sealed  to  withstand  water-pressure  or  careless  handling.  The 
brass  tube  may  be  left  straight  or  wound  in  a  spiral  as  desired. 
The  coils  are  made  usually  with  leads  nine  feet  long,  but  these 
leads  may  be  connected  with  a  triple  cable  of  any  length,  so 
that  they  may  be  carried  to  any  position  desired. 

It  will  be  seen  that  the  temperature  of  the  leading  wires 
will  have  no  effect,  as  they  are  placed  side  by  side  and  subject 
to  the  same  changes,  and  one  tends  to  influence  the  reading  of 
the  instrument  in  one  direction  as  much  as  the  other  wire  in 
the  opposite  direction.  The  temperature  of  the  slide  wire  will 
have  no  effect  upon  the  reading  of  the  instrument,  for  being 
one  piece  of  metal  which  has  the  same  temperature  throughout 
its  length,  each  portion  of  it  will  rise  or  fall  in  resistance  at 
the  same  rate  with  changes  in  temperature,  consequently  the 
ratio  of  its  parts  will  not  change. 

The  operation  of  taking  a  temperature-reading  with  the 
thermophone  is  as  follows : 
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The  coils  are  placed  at  the  spot  the  temperature  of  which  is 
desired,  and  the  three  leading  wires  are  connected  with  the 
proper  pole  coils  on  the  indicator  box.  The  switch  i9  turned 
to  connect  the  battery,  and  the  hand  telephone  is  held  to  the 
ear.  The  index  is  moved  back  and  forth  over  the  dial.  A 
buzzing  sound  will  be  heard  in  the  telephone,  increasing  or 
diminishing  as  the  index  approaches  or  recedes  from  a  certain 
section  of  the  dial.  A  point  will  be  found  at  which  there  is 
perfect  silence  in  the  telephone,  and  at  that  point  the  hand 
will  indicate  the  temperature  of  the  distant  coils. 

The  coils  must  of  course  be  located  at  the  point  whose  tem- 
perature is  to  be  determined.  As  the  same  is  not  the  case  in 
regard  to  the  other  parts  of  the  apparatus,  these  may  be 
located  at  any  convenient  point.  There  follows,  in  conse- 
quence, an  interesting  feature  of  the  apparatus,  namely  :  that 
by  having  any  number  of  coils  located  at  diflFerent  points  and 
a  suitable  switching  device  for  switching  the  indicator  to  any 
of  them  as  desired,  one  indicator  only  is  needed.  In  short, 
the  apparatus  may  be  so  installed  that  a  man  may,  without 
leaving  his  office,  find  the  temperature  of  any  room  of  his 
factory  or  hotel  or  public  building. 

This  interesting  apparatus  is  not  merely  a  laboratory  toy  or 
a  novelty,  but  an  instrument  adapted  to  practical  commercial 
purposes,  and  is  a  credit  to  the  designers,  Messrs.  Warren  and 
Whipple. 


CHAPTER  X. 

WATER,  ICE  AND  tiTEAM. 
COMPOSITION. 


Water  is  a  liquid  composed  of  hydrogen  and  oxygen  in  the 
proportion  by  weight  of  88.9  parts  of  oxygen  to  11.1  parts  of 
hydrogen  and  in  proportion  by  atoms  in  the  molecule  of  two 
atoms  of  hydrogen  to  one  of  oxygen.     The  chemical  symbol 


for  water  is  HgO. 


COMBUSTION. 


In  ordinary  combustion  oxygen  unites  with  carbon,  forming 
carbon  dioxide  or  COj.  This  combustion  is  accompanied  by 
the  giving  out  of  heat.  In  the  oxy-hydrogen  blow-pipe,  oxygen 
unites  with  hydrogen ;  the  union  being  attended  with  a  heat 
so  intense  as  to  be  rivaled  only  by  the  heat  of  the  electric  arc. 
This  heat  is  what  is  utilized  in  the  calcium  light. 

The  resulting  product  of  this  union,  in  which  this  intense 
heat  is  manifested,  is  water,  the  great  enemy  of  fire. 

BOILING  AND  FREEZING  POINTS. 

At  an  atmospheric  pressure  of  about  14.7  pounds  per  square 
inch,  corresponding  to  a  height  of  the  column  of  mercury  in 
a  barometer  of  about  30  inches,  water  freezes  to  ice  at  32°  V. 
and  bpils  and  is  changed  to  steam  at  212°  F.  The  boiling 
point  varies  with  the  pressure.  With  an  increase  in  pres- 
sure there  is  a  higher  boiling  point. 

The  chemical  composition  of  water  is  not  changed  by  either 
freezing  or  boiling. 

LATENT  HEAT. 

The  latent  heat  of  water  is  that  heat  that  is  required  to 
change  ice  to  water  at  the  melting  point,  and  to  change  water 
26  (401) 
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to  steam  at  the  boiling  point.  This  heat  is  not  manifest  by 
any  change  in  temperature,  and, is  accordingly  called  by  vari- 
ous names,  a^  latent,  hidden,  concealed,  or  inner  heat.  The 
values  are  respectively  for  liquefaction  142.4  heat  units  and 
for  vaporization  966  heat  units.  The  heat  unit  is  the  British 
Thermal  Unit  (B.  T.  U.),  which  is  the  quantity  of  heat  re- 
quired to  raise  one  pound  of  water  one  degree  Fahrenheit. 

SPECIFIC  GRAVITY. 

Water  is  taken  as  a  standard  of  specific  gravity.  Accord- 
ingly a  value  given  for  the  specific  gravity  of  a  substance 
would  mean  the  number  of  times  that  substance  is  heavier 
than  an  equal  volume  of  water. 

The  value  for  the  specific  gravity  of  water,  the  standard,  is 
of  course  unity  or  one.  Accordingly  a  value  for  specific  grav- 
ity less  than  one  would  signify  that  the  substance  was,  accord- 
ing to  common  parlance,  ** lighter"  than  water  arid  would 
accordingly  float.  A  value  for  specific  gravity  greater  than 
one  would  signify  that  the  substance  would  sink  in  water. 

To  obtain  the  specific  gravity  of  any  substance  the  weights 
of  equal  volumes  must  be  compared,  i.  e.,  the  weight  of  the 
substance  must  be  divided  by  the  weight  of  an  equal  volume 
of  water. 

Obtaining  the  specific  gravity  of  a  substance  might  be  a 
most  perplexing  task  but  for  a  principle  that  is  made  use  of 
in  regard  to  the  effect  of  submerging  a  body  in  a  liquid  upon 
its  weight.  It  is  found  that  the  weight  a  body  submerged  in 
water  (apparently)  loses  is  equal  to  the  weight  of  an  equal  vol- 
ume of  water.  It  will  be  noticed  that  this  last  is  just  what  is 
wanted,  in  addition  to  the  weight  of  the  body  itself,  to  obtain 
the  specific  gravity  of  the  body.  Accordingly  an  easy  and  ac- 
curate means  is  aiforded  of  solving  what  might  seem  a  serious 
and  perplexing  .problem.  The  result  is  obtained,  it  will  be 
noticed,  without  either  knowing  the  volume  of  the  body  or 
actually  weighing  any  water. 

The  statement  in  regard  to  water  as  the  standard  for  specific 
gravity  should  be  somewhat  more  precise.     The  standard  is 
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pure  distilled  water  at  an  atmospheric  pressure  of  14.7  pounds 
per  square  inch,  corresponding  to  a  height  of  the  mercury  col- 
umn of  the  barometer  of  30  inches,  and  at  a  temperature  of 
4°  C.  or  39.2®  F.  At  this  temperature  water  is  at  its  greatest 
density.  Above  and  below  this  temperature  the  specific  grav- 
ity of  water  decreases. 

While  water  is  the  general  standard  for  specific  gravity, 
the  standard  used  for  gases  may  be  either  hydrogen  or  air. 
Hydrogen  is  the  lightest  of  the  more  common  gases.  Air  is  a 
mixture  consisting  of  about  four-fifths  by  weight  of  nitrogen 
(N)  and  one-fifth  of  oxygen  (0).  Hydrogen  is  about  14.5 
times  lighter  than  air  and  11,160  times  lighter  than  water. 

SPECIFIC   GRAVITY.  • 

Standard  H.  N.  0. 

Air  0.0692  0.972  1.1056 

Hydrogen         1.0  14.0  16.0 

At  a  temperature  of  15"^  C.  (59"*  F.)  water  is  819  times  as 
heavy  as  air. 

Using  these  figures  for  obtaining  a  ratio  of  the  volume  of 
water  and  that  of  constituent  gases,  we  obtain  a  result  as  fol- 
lows :  If  the  weight  of  a  given  volume  of  water  is  819,  that 
of  a  corresponding  volume  of  hydrogen  is  0.0692,  of  oxygen 
1.1056,  of  hydrogen  and  oxygen  mixed  in  the  proportions  of 

*u         •  *      0.0692x2  +  1.1056      n^iMT      a        j-     i 

these    in    water =0.4147.     Accordingly 

o 

819 
one  volume  of  water  would  give  ^  ,    ,    =  1977.3  volumes  of 

0.4147 

the  constituent  gases. 

SPECIFIC    HEAT. 

Water  is  taken  as  a  standard  for  specific  heat.  By  specific 
heat  of  a  body  is  meant  the  amount  of  heat  required  to  raise 
the  temperature  of  the  body  one  degree,  compared  with  the 
amount  of  heat  required  to  raise  an  equal  weight  of  water  one 
degree.  Water  has  the  greatest  specific  heat  of  substances  in 
common  use.     Strange  to  note,  the  gas  hydrogen  has  a  value 
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as  high  as  3.409,  that  of  water  taken  as  1.0.     The  figures  for 
specific  heat  will  generally  be  less  than  1.0. 

The  specific  heat  of  ice  is  0.5040,  and  of  saturated  steam 
about  0.4805,  of  air  6.23751,  of  oxygen  0.21751,  and  nitrogen 
0.24380. 

METRIC   SYSTEM. 

Water  is  taken  as  the  connecting  link  in  the  metric  system 
between  measurements  of  volume  and  weight.  The  weight  of 
one  gram  is  taken  as  the  weight  of  one  cubic  centimeter  of 
water  at  4°  C. 

MISCELLANEOUS. 

Water  is  practically  non-compressible. 

Water  is  a  poor  conductor  of  heat.  On  this  account,  to 
heat  water  effectively  advantage  has  to  be  taken  of  convection 
currents  or  circulation.  These  currents  are  due  to  the  rise  of 
water  that  has  expanded  and  accordingly  been  reduced  in 
specific  gravity  by  heat,  and  the  consequent  fall  of  the  colder 
and  "  heavier  "  water  to  replace  the  same. 

Steam  is  invisible.  A  stream  or  jet  of  condensed  steam  may 
indicate  the  presence  of  steam.  What  is  seen,  however,  is 
condensed  steam,  which  is  of  course  water. 

Sea-water  contains  3.G  per  cent,  by  weight  of  solid  matter 
in  solution,  the  specific  gravity  being  1.029.  The  freezing- 
point  of  sea-water  is  27°  F.,  the  ice  being  fresh.  The  boiling- 
point  of  sea-water  js  213.4°  F. 

The  expansive  force  of  freezing  water  is  simply  irresistible, 
amounting  to  possibly  2,000,000  pounds  per  square  inch. 


CHAPTER  XL 

LIQUID   AIR. 

The  practical  relation  between  the  subject  of  liquid  air  and 
refrigeration  is  yet  to  be  demonstrated.  While  liquid  air  is 
looking  around  for  spheres  of  usefulness  and  possibilities 
before  it  that  are  as  yet  undeveloped,  it  would  be  well  for  the 
enthusiast  on  the  subject  of  mechanical  refrigeration  to  bear 
in  mind  that  it  is  to  work  of  a  similar  character  and  with 
similar  indefiniteness  as  to  purpose  and  destiny  that  mechan- 
ical refrigeration  owes  its  existence.  Accordingly,  there  is 
a  kindred  relation  between  the  two.  The  history  of  the  lique- 
faction of  air  and  of  gases  in  general  is  extended  as  to  time 
and  includes  a  long  list  of  experimenters.  A  few  of  the 
typical  methods  of  operation  and  the  principles  involved  may 
be  worthy  of  consideration. 

CRITICAL    TEMPERATURE    AND    PRESSURE. 

In  general,  we  may  say  that  to  liquefy  a  gas  it  must  be  re- 
duced in  temperature  and  subjected  to  pressure.  To  be  more 
definite,  we  may  say  that  to  reduce  a  gas  to  a  liquid  at  any 
given  pressure,  the  gas  must  be  reduced  in  temperature  below 
a  certain  point.  To  emphasize  the  importance  of  this  latter 
statement,  it  should  be  understood  that  at  any  temperature 
above  the  particular  point  a  pressure  sufficient  to  increase  the 
density  of  the  gas  to  an  amount  even  greater  than  that  of  the 
liquid  obtained  by  liquefaction,  will  not  reduce  it  to  the  liquid 
state.  There  is,  accordingly,  a  point  in  temperature  called  the 
critical  temperature,  to  which  gas  must  be  reduced  before  it 
can  be  liquefied  even  with  exceedingly  great  pressure.  The 
pressure  required  to  reduce  the  gas  to  a  liquid  at  the  critical 
temperature  is  called  the  critical  pressure. 

(405) 
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A  reduction  in  the  pressure  results  in  a  further  reduction  of 
the  temperature  of  lixjuefaction. 

REDUCTION    OP   TEMPERATURE. 

Practically  the  first  step  in  the  direction  of  obtaining  a  re- 
duction in  temperature,  strange  to  say,  is  to  obtain  an  increase 
in  temperature.  For  instance,  we  may  start  with  a  gas  at  the 
normal  temperature.  Compress  this  gas.  The  result  will  be 
a  rise  in  temperature  of  the  gas.  As  the  gas  is  compressed  a 
certain  amount  of  work  is  exerted  on  the  gas  which  must 
manifest  itself  in  some  way.  The  energy  thus  expended 
appears  in  the  form  of  heat. 

Now  if  the  matter  of  reversing  of  these  conditions  is  con- 
sidered, what  do  we  find  to  be  the  result?  In  this  case  the 
gas  is  allowed  to  expand,  performing  w^ork.  This  work  is  the 
result  of  the  expenditure  of  heat  energy  originally  contained 
in  the  gas.  In  giving  up  this  heat  the  gas  is  reduced  in  tem- 
perature. 

In  case  there  were  no  loss  of  heat  in  the  two  operations 
mentioned  and  no  incidental  losses  the  final  result  would  be 
the  restoration  of  the  original  work  expended  and  the  return 
to  the  original  temperature  and  pressure  of  the  gas.  In  case, 
however,  during  the  first  operation,  the  so-called  heat  of  com- 
pression is  removed,  the  result  of  the  second  operation  will  be 
a  reduction  in  temperature  below  the  original. 

Here  we  have  in  consequence  a  means  of  reducing  temper- 
ature. This  consists  briefly  in  subjecting  a  gas  to  pressure, 
cooling  it,  and  allowing  it  to  expand.  In  this  case  the  reduc- 
tion in  temperature  is  due  to  work  performed  by  the  expanding 
gas,  which  is  the  principle  involved  in  the  operation  of  the 
compressed  air  refrigerating  system. 

If  the  combination  of  pressure  and  cooling  is  sufficient 
in  the  case  of  a  particular  medium  to  produce  liquefaction  of 
the  same,  the  reduction  in  temperature  upon  release  of  pressure 
may  primarily  result  from  the  absorption  by  the  medium  of 
the  latent  heat  of  evaporation,  as  is  the  case  in  the  systems  of 
refrigeration  utilizing  ammonia,  sulphur-dioxide  and  carbon- 
dioxide. 
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The  use  of  freezing  mixtures  of  salt  and  ice  is  well  known. 
These  are  of  course  not  to  be  considered  directly  in  obtaining 
exceedingly  low  temperatures.  They  may,  however,  be  util- 
ized as  auxiliary  in  bringing  down  the  temperature  of  the 
medium  conveyed  in  cooling  coils. 

In  this  connection  it  is  interesting  to  note  that  it  is  told 
that  the  temperature  obtained  by  Fahrenheit  with  a  mixture 
of  salt  and  ice  he  called  zero  of  his  thermometer  scale  under 
the  impression  that  this  was  the  lowest  temperature  obtainable. 

PRESSURE. 

In  these  days  of  highly  developed  pumps,  we  may  wonder 
at  the  method  once  adopted,  as,  for  instance,  by  such  men  as 
Faraday,  to  obtain  high  pressures  for  experimental  purposes. 
This  method  involved  the  use  of  chemical  action.  That  we 
have  not  entirely  abandoned  this  method  is  shown  by  methods 
employed  in  gunnery.  We  have  the  case  of  the  pneumatic 
guns  on  the  Vesuvius  as  a  modern  example  of  the  pressure  due 
to  chemical  action  being  replaced  by  pressure  obtained  by 
pressure  pumps.  It  must  be  acknowledged  in  this  connection 
that  the  substitution  was  not  made  on  account  of  superiority 
of  the  pressure  obtained. 

METHODS  OF  LIQUEFACTION  OF  GASES. 

Faraday's  method. 

In  1823  Faraday  succeeded  in  liquefying  the  gas  chlorin. 
His  apparatus  consisted  of  a  bent  U-shaped  tube,  closed  at  the 
ends,  an  alcohol  lamp,  a  vessel  with  freezing  mixture,  chem- 
icals for  producing  pressure,  and  the  chlorin  gas. 

In  use  the  U-shaped  tube  was  inverted,  the  arms  projecting 
downward.  In  one  arm  was  the  chemical  which  produced 
pressure  when  heated  by  the  flame  of  the  alcohol  lamp.  The 
end  of  the  tube  away  from  the  alcohol  lamp  was  kept  in  a 
freezing  mixture. 

The  result  was  that  the  gas  was  compressed  by  the  pressure 
produced,  and  cooled  by  the  freezing  mixture. 
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This  compressed  and  cooled  gas  was  released.  The  portion 
that  evaporated  abstracted  heat  from  the  remainder. 

As  stated  above,  by  such  a  primitive  method  as  this,  Fara- 
day succeeded  in  liquefying  chlorin. 

THE   SERIES   METHOD. 

The  series  method  involves  the  use  of  two  or  more  gases  in 
series  to  act  upon  the  gas  to  be  tested.  The  gases  used  are,  of 
course,  especially  selected  with  reference  to  their  points  of 
liquefaction.  The  one  with  the  highest  point  of  liquefaction 
acts  upon  the  next  in  order,  and  so  continued  until  finally  the 
liquid  to  be  tested  is  acted  upon. 

The  description  given  below  is  merely  given  as  typical  of 
this  method.  Different  gases  than  those  mentioned  may,  of 
course,  be  used,  and  various  arrangements  of  details  may  be 
followed. 

As  stated  above,  the  process  consists  in  obtaining  liquefied 
gas  by  a  series  of  compression  pumps  and  different  gases  in 
separate  and  distinct  processes. 

This  process  might  be  named  the  extracting  of  latent  heat 
process,  for  in  it  we  have  no  less  than  four  diflFerent  stages,  as 
follows : 

First,  carbonic  acid  gas. 

Second,  ethylene  gas. 

Third,  oxygen  gas. 

Fourth,  liquefied  air. 

The  severe  work  necessary  to  be  done  in  order  to  obtain 
liquefied  air  is  without  question  due  to  the  imperfect  chemical 
affinity  in  its  make-up,  and  that  the  different  parts  having  the 
same  weight  intermingle  in  the  atmosphere  at  large  without 
combining. 

Perhaps  this  can  be  better  understood  by  noting  the  action 
in  breathing ;  in  taking  a  long  breath  and  then  expelling  the 
air  from  the  lungs,  we  find  by  noting  carefully  that  the  mus- 
cular effort  in  expelling  the  air  is  much  less  than  that  used  in 
inhaling  it. 

This,  in  a  measure,  is  because  the  lungs  have  taken  out  the 
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oxygen,  leaving  the  nitrogen,  etc.,  to  be  thrown  off,  the  oxygen 
having  been  retained  in  the  blood  circulation. 

This  fact  would  indicate  that  the  molecules  of  the  different 
gases  remain  distinct  at  atmospheric  pressure,  awaiting  some 
law  of  nature  to  form  a  combination  of  atfinity  which  often 
comes  by  heat  change. 

.  Fig.  201. 
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The  following  gives  the  method  of  operation  :  See  P'ig.  201. 

**A"  and  *' B '*  =  compound  compression  pumps  used  in 
placing  a  pressure  on  carbonic  acid  gas. 

*<C'*  =  condenser  coils  placed  in  tanks  surrounded  by  acid 
-and  salt  or  cold  water. 
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2  =  condenser  tank. 

"  CI  "  =  expanding  cock  to  permit  the  liquefied  carbonic  gas 
to  expand  in  a  cooling  chamber. 

«  E  "  =  expanding  chamber  for  carbonic  add  gas  which  is 
expanded  in  the  tank  at  one  atmosphere,  14.7  pounds  absolute, 
or  below,  and  returns  to  suction  side  of  carbonic  acid  gas 
pumps  "  A  "  and  •*  B." 

"  F"  =  ethylene  for  creating  a  liquefying  pressure  in  the 
condensing  coils. 

"  G  "  =  condensing  coils  for  condensing  ethylene  gas,  which 
is  cooled  by  being  bathed  in  vaporizing  liquid  of  carbonic  acid 
gas  in  tanks. 

"  H  "  =  tank  for  evaporizing  the  ethylene  gas,  being  liber- 
ated at  the  expanding  cock,  **  T  "  (from  this  tank  the  vapor- 
ized ethylene  gas  returns  to  the  gas  pump  **F"  for  re-lique- 
faction). 

"  I  "  and  "  J  "  are  compound  gas  pumps  for  liquefying  oxy- 
gen gas,  this  being  pumped  into  coil  **  K,*'  which  is  bathed  in 
ethylene  vaporizing  gas  at  a  temperature  of  345°  below  zero, 
it  being  sufficient  to  liquefy  the  oxygen  gas  in  the  coils. 

The  oxygen  gas  in  the  liquefied  condition  is  permitted  to 
expand  at  cock  **  U  "  into  cylinder  **  L,"  where  it  is  main- 
tained at  one  atmosphere  absolute,  the  temperature  here  being 
360°  below  zero  Fahrenheit. 

**  M,"  "N"  and  **0"  are  cylinders  composing  a  compres- 
sion air  pump,  having  the  ability  of  compressing  to  100  at- 
mospheres or  about  1,500  pounds  per  square  inch. 

In  passing  from  the  first  cylinder  **  M  "  to  cylinder  "N," 
the  air  is  passed  through  a  cooling  coil,  surrounded  by  salt 
and  ice. 

From  the  cylinder  "  N  '*  the  air  passes  to  cylinder  "  0.'*^ 
Between  the  cylinders  the  air  again  passed  through  a  coil  sub- 
merged in  liquefied  ethylene  gas. 

From  cylinder  "  0  "  the  air  passes  into  a  coil  "  P "  sur^ 
rounded  by  liquefied  oxygen  gas  which  is  being  vaporized. 
In  this  coil,  under  the  intense  pressure  of  100  atmospheres, 
and  at  a  temperature  of  460°  below  zero,  liquefied  air  is  ob- 
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tained.  This  liquid  air  is  allowed  to  flow  into  an  open  re- 
ceptacle  "  R."  When  the  first  liquid  flows  in,  it  immediately 
vaporizes  and  x^arries  off  the  surrounding  heat  until  the  entire 
vessel  is  at  a  temperature  of  the  liquefied  air,  viz.,  460°  below 
zero,  thus  becoming  a  vapor  only  as  it  receives  heat  from  the 
surrounding  atmosphere. 

METHOD   OF   TO-DAY. 

The  method  of  Faraday  is  crude  and  even  dangerous.  The 
series  method  is  complex  and  expensive.  A  method  to  be  suc- 
cessful and  practical  at  least  in  the  commercial  sphere  must 
be  simple  and  eflScient.  It  is  one  thing  to  be  successful  in  the 
laboratory  and  quite  another  to  be  successful  in  the  sphere  of 
commerce. 

Again  we  have  the  difference  between  mechanical  efficiency 
and  commercial  efficiency.     While  the  process  may  be  quite- 
eflScient,  the  materials  used  may  be  so  expensive  as  to  render 
their  use  on  a  large  scale  prohibitive. 

It  is  pleasing  to  note  that  notwithstanding  the  exacting  de- 
mands indicated  it  would  seem  as  if  they  had  been  quite  effec- 
tively met.  What  could  be  more  desired  in  the  way  of  sim- 
jilicity  as  to  medium  for  liquefying  air  than  simply  air 
itself?  As  has  been  stated,  the  idea  involved  in  general  of 
obtaining  low  temperature  has  been  to  permit  a  gas  under 
heavy  pressure  to  expand.  As  stated  likewise  in  regard  to 
carbon  dioxide,  this  gas  is  comparatively  easily  obtained  in 
the  solid  form  by  exposing  a  quantity  of  liquid  carbon  dioxide 
to  evaporation.  The  processes  involved  are  those  heretofore 
mentioned  of  compression,  cooling  and  expansion. 

There  are  several  different  successful  methods  of  liquefying 
air  that  use  only  air  as  the  medium.  All  of  these  depend 
upon  the  cooling  effect  realized  in  the  expansion  of  air  in  the 
final  stages  of  the  process.  Air  reduced  in  temperature  by 
this  expansion  process  is  utilized  to  cool  the  air  supply  in  the 
conveying  pipes.  By  maintaining  this  process,  the  tempera- 
ture of  the  air  in  the  conveying  pipes  and  that  of  the  ex- 
panded air  are  continually  reduced  by  what  is  called  the  re- 
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generative  process  until  the  temperature  of  liquefaction  is 
finally  attained. 

Radically  different  methods  of  realizing  the  cooling  effect 
-due  to  the  expansion  of  the  compressed  air  are  employed,  one 
method  involving  the  use  of  expansion  cylinders  and  the  other 
allowing  the  air  to  expand  in  suitable  chambers,  without  such 
xjylinders.  The  principle  involved  in  either  case  would  seem 
to  be  the  same,  although  elaborate  arguments  have  been  set 
forth  to  explain  that  expansion  in  the  latter  case  is  accom- 
panied by  a  drop  in  temperature.  The  difficulty  seems  to  be 
involved  in  Joule's  law  which  states  that  when  a  gas  is  allowed 
to  expand  w^ithout  doing  work  its  temperature  remains  con- 
stant. In  the  light  of  present  knowledge  it  is  difficult  to  con- 
ceive of  a  gas  expanding  without  doing  work,  although  this 
work  may  be  upon  itself.  As  in  the  processes  under  consider- 
ation the  expanding  air  has  the  pressure  of  the  atmosphere  to 
contend  with  it  would  seem  as  if  it  clearly  had  work  to  do. 
Then  there  is  also  the  effect  of  wire-drawing  through  an  ex- 
pansion valve  at  the  point  w^here  the  air  is  released  from  the 
conveying  pipe,  which  results  in  drop  in  pressure  and  tempera- 
ture. 

Among  those  who  have  been  particularly  successful  in  the 
development  of  the  two  different  methods  mentioned  are  Pro- 
fessor Linde,  who  has  employed  expansion  cylinders  and  Mr. 
Oharles  E.  Tripler,  who  employs  regenerative  expansion  cham- 
bers. Below  will  be  found  an  outline  of  Professor  Linde's 
process  and  a  thermodynamic  explanation  of  the  regenerative 
process  taken  in  part  from  Reeve's  "Thermodynamics.*' 

PROF.    LINDE'S    process.  * 

The  Linde  process  of  liquefying  air  is  one  in  which  is  used 
a  system  of  compression  and  expansion  cylinders,  following 
the  well-known  principle  that  if  compressed  air  is  allowed  to 
expand  in  a  cylinder,  we  have  the  result  of  heat  units  con- 
sumed and  energy  produced.     This  can  be  measured  by  the 

*F.  H.  Beyer  in  The  Engineers'  Magazine. 


Fig.  202. 
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Joule  rule  of  effort  and  result.     This  process  may  perhaps  be 
better  understood  by  referring  to  Fig.  202. 

A.  First  air  compressing  cylinder. 

B.  Steam  cylinder. 

C.  Water  interceptor. 

D.  First  air  compressing  cooling  coil. 

E.  Second  air  compressing  cylinder. 

F.  First  air  expanding  cylinder. 

G.  Second  air  expanding  cylinder. 
H.  First  condensing  chamber. 

1.  Second  expanding  chamber. 
J.  Third  condensing  chamber. 

K.  Second  compressor  cooling  coil. 

L.  Stop  valve  from  condensing  coil  to  air  expanding 
cylinder. 

M.  Stop  valve  from  condensing  coil  to  second  air  expand- 
ing cylinder. 

N.   Flask  for  securing  liquid  air. 

2.  Pipe  connection  from  first  compressor  to  cooling  coil. 

3.  Pipe  connection  from  second  cooling  coil  to  second  com- 
pressor. 

4.  Discharge  pipe  from  second  compressor  to  condenser. 

5.  Condensing  coils. 

6.  Connection  between  condensing  coil  and  first  air  expand- 
ing cylinder. 

7.  Supply  connection  to  air  expanding  cylinder. 

8.  Exhaust  pipe  from  expanding  cylinder  F  to  cooler  I. 

9.  Air  supply  pipe  to  expanding  cylinder  G. 

10.  Exhaust  pipe  from  expanding  cylinder  G  to  cooling 
chamber  J. 

12.  Water  interceptor. 

13.  Final  pipe  and  valve  on  bottom  of  liquid  receiver. 

14.  Connections  between  cooling  chambers  to  allow  the  cool 
air  to  pass  to  a  higher  cylinder. 

15.  Final  exhaust  connection  allowing  expanded  air  to  re- 
turn to  the  atmosphere. 

The  air  is  admitted  through  the  water  interceptor  C,  where 
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by  a  chemical  process  about  90  per  cent,  of  the  water  is  re- 
moved. 

The  air  next  passes  to  the  air  compressor  or  pump  A,  where 
it  is  compressed  to  1000  pounds  pressure  per  square  inch. 
This  compressor  is  surrounded  by  a  water  jacket  to  remove 
the  heat  of  compression. 

In  the  next  process  the  air  entering  the  air  cooler  D  passes 
through  discharge  pipe  2.  There  should  be  several  of  these 
coils  cooled  with  running  water  until  the  air  is  brought  to  the 
normal  temperature  of  the  water. 

In  the  second  cooling  tank,  K,  we  have  a  refrigerant  of  ex- 
panded air,  a  continuation  of  the  discharge  from  cylinder  H, 
using  the  cylinder  encasing  coil  K  as  a  cooling  chamber. 

An  interceptor,  12,  is  used  to  remove  the  remaining  10  per 
cent,  of  water  necessary  to  insure  the  constant  operation  of  the 
apparatus. 

From  coil  K  the  air  at  1000  pounds  pressure  and  at  a  tem- 
perature of  62  degrees  Fahr.  below  the  freezing  point  of  water 
passes  to  the  second  compressor,  E,  where  it  is  pumped  up  to 
3000  pounds  per  square  inch  and  enters  the  continuous  coil, 
o.  This  pressure  is  maintained  constant  on  the  entire  coil, 
being  liberated  only  at  valves  L,  M  and  13. 

Tanks  H,  I  and  J  are  condensing  tanks  made  to  hold  air  at 
the  normal  pressure  of  the  atmosphere  and  must  be  insulated 
in  the  best  manner  known. 

Expanding  cylinder  F,  in  use,  relatively  speaking,  is  simi- 
lar to  a  steam  engine  cylinder  excepting  that  it  uses  air  at  3000 
{)Ounds  per  square  inch  as  a  motive  power.  This  air  is  taken 
from  the  condensing  coil  through  pipe  7,  and  liberated  by 
valve  L. 

These  air-expanding  cylinders  must  be  constructed  with  an 
adjustable  cut-ofF  and  so  made  that  the  energy  developed  may 
be  consumed  in  the  compressing  cylinder  to  aid  in  cempress- 
ing  the  air.  These  may  be  connected  up  in  tandem  or  by  belt 
connection  to  a  shaft  driving  for  power. 

The  initial  pressure  entering  cylinders  F  and  G  being  3000 
pounds  per  square  inch,  the  final  must  be  near  the  atmospheric 
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pressure,  and  when  working  under  these  conditions  the  ex- 
haust passing  from  the  expanding  chamber  F  would  be  184 
degrees  Fahr.  below  the  freezing-point  of  water. 

The  air  at  that  very  low  temperature  enters  the  cooling 
chamber  I  which  contains  a  second  section  of  coil  5,  holding 
the  air  at  3000  pounds  per  square  inch,  and  reduces  the  tem- 
perature of  the  compressed  air  to  that  of  the  expanded  air,  or 
184  degrees  Fahr.  below  freezing. 

The  second  expanding  cylinder,  G,  takes  its  supply  from 
the  condensing  coil  at  a  point  below  the  tank  I.  This  supply 
passes  through  pipe  9  to  the  cylinder  and  works  under  similnr 
conditions  as  described  for  cylinder  F.  The  exhaust  from  ex- 
panding cylinder  G  passes  through  tank  J  and  surrounds  the 
last  series  of  condensing  coil  5,  bathing  it  in  a  temperature  of 
411  degrees  Fahr.  below  the  freezing-point  of  water. 

In  doing  work  of  this  character,  the  feature  of  induction  of 
heat  by  radiation  is  very  large  and  often  enters  to  a  degree 
which  interferes  in  obtaining  the  result  desired. 

In  liquefying  air  we  require  a  static  condition  of  383  de- 
grees below  the  freezing-point  of  water  when  exposed  to  a 
normal  pressure  of  the  atmosphere. 

Air  under  pressure  of  3000  pounds  per  square  inch  and 
held  in  a  static  condition  would  become  a  liquid  at  280  de- 
grees below  the  freezing-point  of  water. 

As  the  liquid  air  collects  in  the  bottom  of  the  condensing 
coil  it  is  allowed  by  a  valve,  13,  to  flow  into  an  open  flask,  N. 
The  first  liquid  air  falling  into  the  flask  vaporizes,  carrying 
off  the  heat  until  it  has  cooled  the  flask  to  its  normal  tempera- 
ture, or  383  degrees  below  freezing,  w'hen  the  air  remains 
liquid  and  only  becomes  a  vapor  as  it  takes  up  heat  by  con- 
duction. 

In  shipping  liquid  air,  an  open  vessel  is  used.  This  pre- 
vents the  heat  which  is  taken  up  by  boiling  an  intensely  vola- 
tile substance  from  creating  an  intense  pressure. 

REGENERATIVE    PROCESS. 

In  Fig.  203  let  the  curves  W  and  S  represent  the  entropy- 
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temperature  relations  of  liquid  air  and  saturated  vapor  of  air 
respectively.  Since  the  critical  temperatures  of  oxygen  and 
nitrogen  are  —181^  and  — 231^  F.  respectively,  or  280  and 
230  degrees  absolute  Fahrenheit  respectively,  the  entire  dia- 
gram must  be  imagined  as  lying  below  these  very  low  tem- 
peratures. The  boiling-points  under  atmospheric  pressure  of 
oxygen  and  nitrogen  are  165^  and  144°  F.  absolute  respec-^ 

Fig.  203. 
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ENTROPY-TEMPERATURE  DIAGRAM    FOR  REGENERATIVE  PROCESS  OF 
AIR  LIQUEFACTION. 

tively.  Let  CCC  be  the  constant-pressure  curve  at  atmos- 
pheric pressure.  Let  AA  and  BB  be  two  isothermals  of 
vaporization  at  pressures  considerably  above  atmospheric ;  in 
practice  they  are  commonly  30  and  10  atmospheres  respec- 
tively. Let  A  A'  and  BB'  be  isoraorphs  of  superheated  air- 
vapor  at  these  same  pressures  respectively.  The  ordinary 
thermal  condition  of  atmospheric  air  would  then  be  repre- 
sented by  some  such  point  as  C. 
27 


418 


ARTIFICIAL    ICE-MAKING   AND    REFRIGKRATION. 


In  Fig.  204  let  C  be  the  diagram  of  an  air-compressor  taking 
in  atmospheric  air  and  compressing  it,  as  nearly  isothermally 
as  possible,  to  the  pressure  of  BBB',  Fig.  203,  and  discharging 
it  into  the  reservoir  B,  Fig.  204,  Let  A  be  another  compressor 
taking  its  supply  of  air  from  B  and  discharging  it  into  the 
conduit  oda  at  the  pressure  of  AAA',  Fig.  203.  This  high 
pressure  conduit  aaa  passes  into  the  interior  of  the  pipe  bbb. 

Fig.  204. 
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DIAGRAM  OF  AIR  LIQUEFACTION  APPARATUS— REGENERATIVE 

PROCESS. 

The  two  together  are  formed  into  a  coil  presenting  a  large 
amount  of  surface  and  leading  to  an  end  at  V.  The  coil  is 
encased  on  all  sides  with  thermal  insulation  III,  which  is 
constructed  with  great  care.  At  the  terminus  of  the  pipe  cuia 
is  a  valve  V  opening  into  the  larger  medium-pressure  pipe 
bbb  and  fitted  to  be  adjusted  by  hand  from  without.  From 
the  terminus  of  bbb  is  a  drain-line  passing  downwardly 
through  the  insulation  and  ending  in  a  drain-cock  D. 

The  thermal  activity  of  the  apparatus  illustrated  in  Fig.  204 
may  be  now  traced  by  means  of  Fig.  203. 
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The  compressor  C  supplies  air  at  atmospheric  temperature 
to  the  reservoir  B  at  the  same  temperature.  The  compressor 
A  supplies  air  to  the  pipe  aaa  at  the  higher  pressure  AAA^ 
but  still  at  atmospheric  temperature ;  for  temperatures  may 
be  supposedly  kept  down  to  atmospheric  by  cold-water  jackets. 
This  double  process  may  be  shown  in  Fig.  203  by  the  line 
C'B'A',  of  isothermal  compression  (although  properly  at  a 
higher  level  than  drawn).  The  highly  compressed  air  then 
traverses  the  pipe  aaa  and  arrives  at  the  valve  E  in  the  con- 
dition A',  Fig.  203.  It  finds  the  valve  V  slightly  open  and  is 
wire-drawn  through  it  into  666,  its  pressure  falling  to  BBB' 
and  its  temperature  to  6,  Fig.  203,  by  passage  down  the  con- 
stant-heat curve  A'6,,  the  cycle  being  represented  by  the 
triangular  figure,  with  black  shading,  shown  in  Fig.  203. 

In  traversing  the  pipe  666,  Fig.  204,  this  current  of  air  re- 
duces the  temperature  of  the  A-pressure  air  coming  in  along 
aaa  so  that  the  same  arrives  at  V  at  this  lower  temperature, 
corresponding  to  6,,  Fig.  203.  Further  reduction  in  tempera- 
ture results  from  wire-drawing  through  V,  the  cycle  assuming 
a  quadrilateral  form.  As  the  process  is  continued,  the  cycle 
deepens  along  the  isomorphs,  as  represented  by  the  figure  with 
horizontal  section  lines.  Fig.  203,  which  corresponds  to  one  of 
the  intermediate  stages,  until  the  point  of  liquefaction  is 
reached  at  B,  the  cycle  for  this  feature  being  represented  in  the 
figure  with  vertical  shading. 

Lord  Kelvin's  formula  for  the  drop  in  temperature  D  in- 
volved in  each  of  these  passages  across  from  the  A  A'  isomorph 
to  the  BB'-isomorph  is 

D  =  0.497  (P,-I>.)(i^^y 

wherein  the  pressures  are  measured  in  atmospheres  and  the 
temperatures  in  degrees  Fahrenheit.  T  is  the  initial  absolute 
temperature  at  the  departure  from  the  upper  pressure. 

So  the  process  goes  on,  all  temperatures  within  III  falling 
steadily  meanwhile,  until  finally  the  steady  fall  of  the  point 
successively  represented  by  6a  results  in  its  coincidence  with 
B.     As  the  processes  which  resulted  in  temperature-fall  due 
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to  abstraction  of  heat  still  continue,  their  further  action  must 
result  in  the  condensation  of  some  of  the  air  of  BB-pressure. 
This  condensation  drains  to  the  valve  D,  and  may  be  there 
drawn  off  into  an  external  vessel. 

It  will  be  obvious,  from  a  sight  consideration  of  the  geo- 
metrical laws  controlling  the  curves  SB  and  a6,  that  at  these 
very  low  temperatures  they  must  be  much  nearer  to  parallelism 
than  is  the  case  at  ordinary  steam-temperatures.  How  nearly 
they  approach  parallelism,  whether  a  reaches  A  before  b 
reaches  B,  or  the  opposite,  cannot  be  said.  If  a  does  reach  A 
before  b  reaches  B,  it  must  indicate  that  liquid  is  first  formed 
in  the  pipe  aaa,  just  as  the  moisture  in  a  throttling-calorimeter 
is  evaporated  by  a  similar  process.  But  whether  this  be  the 
•case  or  not  does  not  affect  the  thermodynamic  explanation  of 
the  final  result. 

It  may  be  well  to  state  right  here  that  Fig.  203  is  modified 
from  the  one  used  in  Reeve's  "  Thermodynamics  "  in  accord- 
ance with  suggestions  from  Prof.  Reeve,  as  the  original  dia- 
gram, though  correct,  was  somewhat  misleading  in  not  clearly 
bringing  out  the  quadrilateral  feature  of  the  cycle  in  the 
lower  stages. 

THE   FUTURE. 

The  utility  of  liquid  air  and  its  sphere  of  usefulness  are  at 
present  merely  matters  of  speculation.  Sufiicient  has,  how- 
-ever,  been  shown  by  results  already  attained  to  indicate  that 
there  is  much  to  be  looked  for  along  the  line  of  the  unex- 
pected. 

For  instance,  who  would  have  anticipated  that  liquid  air  or 
oxygen  would  be  used  for  blasting  purposes?  Nevertheless, 
this  has  proved  to  be  one  of  the  first  practical  uses  to  which 
it  has  been  applied.  A  fractional  distillation  will  enable  the 
nitrogen,  which  evaporates  at  a  temperature  13°  higher  than 
oxygen,  to  be  driven  off,  giving  a  liquid  of  greater  eflBciency 
than  liquid  air.  A  little  cotton  with  charcoal  dust  soaked  in 
this  liquid  oxygen,  and  set  off  by  a  spark,  will  explode  with 
tremendous  force.     A  safety  feature  is  the  fact  that  in  case  of 
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failure  to  explode  the  oxygen  evaporates,  obviating  all  further 
danger  of  explosion. 

The  liquid  air  when  confined  is  liable  to  cause  an  explo- 
sion, due  to  its  tendency  to  expand.  The  increase  in  volume 
of  the  liquid  air  as  it  assumes  the  form  of  gas,  is  to  about  seven 
hundred  and  fifty  times  the  original  volume.  Accordingly  it 
should  not  be  kept  confined.  We  hear  more  or  less  about  ship- 
ping liquid  air  in  open  cans,  and  pouring  it  in  open  air  like 
water.  If  the  attempt  were  made  to  ship  liquid  air  in  closed 
cans,  some  one  would  probably  hear  it  when  it  went  off,  but 
it  would  not  be  likely  to  reach  its  destination.  So  far  as  pour- 
ing it  about  like  water,  or  like  milk,  there  is  a  diflFerence 
which  tends  to  make  the  pouring  of  liquid  air  a  comparatively 
expensive  process.  When  the  milkman  pours  the  milk  from 
the  measure  into  the  pan,  most  of  the  milk  in  the  measure 
passes  from  the  measure  to  the  pan.  Practically  that  which 
fails  to  reach  the  pan  is  still  adhering  to  the  sides  of  the 
measure.  It  may  be  said  that  whatever  fails  to  reach  the  pan 
is  still  in  the  measure.  With  liquid  air  the  case  is  different. 
As  in  the  case  of  the  milk,  some  will  fail  to  reach  the  receiv- 
ing vessel  in  the  attempts  to  pour  it  from  one  vessel  to  another. 
The  difference  lies  in  the  fact  that  instead  of  clinging  to  the 
sides  of  the  vessel,  the  missing  liquid  will  have  evaporated. 

The  reason  that  the  unexpected  is  to  be  looked  for  among 
the  developments  of  liquid  air  may  be  safely  assumed  from 
some  of  the  unexpected  results  that  have  been  already  attained. 
It  is  true  that  the  substance  air  itself  has  in  most  cases  little 
to  do  with  the  results,  as  they  are  to  be  attributed  for  the  most 
part  to  the  effects  of  intense  cold,  so  that  instead  of  speaking 
of  the  results  attained  by  liquid  air,  we  should  more  generally 
speak  of  results  attained  by  intense  cold  or  perhaps  preferably 
of  a  low  degree  of  temperature. 

Here  are  some  of  the  facts  that  suggest  hidden  mysteries  of 
the  future.  Most  of  the  facts  enumerated  below,  were  men- 
tioned in  the  excellent  article  on  *' Absolute  Zero,"  by  William 
Clark  Peckham,  in  the  Century  Magazine. 

Iron  and  steel  become  as  brittle  as  glass.    Gold,  silver,  plati- 
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num,  copper  and  aluminum  are  not  so  affected.  Lead  becomes 
stiff  and  elastic  like  steel.  The  tensile  .strength  of  metals  is 
increased. 

Rubber  cooled  is  rendered  rigid  and  fragile,  while  leather 
remains  flexible. 

Ivory,  cooled  to  the  temperature  of  liquid  air,  held  in  a 
strong  light,  is  seen  in  the  dark  to  glow  with  a  brilliant  phos- 
phorescence. Tungstate  of  calcium,  which  is  strongly  phos- 
phorescent in  Rontgen  rays,  loses  that  property  at  the  temper- 
ature of  liquid  air. 

The  effects  upon  chemical  affinity  are  equally  remarkable. 
The  indications  are  that  all  chemical  action  ceases  at  absolute 
zero.  Sodium,  cooled  in  liquid  air,  will  not  take  fire  in  water 
till  it  is  warmed  again.  Fluorin  is  the  most  intensely  active 
of  the  elements.  It  combines  rapidly  with  other  elements, 
excepting  oxygen,  gold  and  platinum,  and  explosively  with 
many.  It  burns  flint  with  a  brilliant  glow,  and  charcoal  and 
silicon  with  fiery  scintillations.  Iron  exposed  to  it  is  heated 
to  an  intense  white  heat.  But  Professors  Dewar  and  Moisson 
liquefied  fluorin  at  about  336°,  and  lo !  it  was  shorn  of  all  its 
strength.  It  retained  its  activity  for  compounds  of  hydrogen 
only,  and  hydrogen  has  a  lower  boiling-point  than  fluorin. 

The  change  in  electrical  properties  is  none  the  less  marked. 
A  large  number  of  tests  made  by  Dewar  and  Fleming  show 
that  at  absolute  zero  all  pure  metals  would  cease  to  offer 
resistance  to  the  electrical  current.  Perhaps  electrical  waves 
traverse  external  space  without  loss  of  energy. 

With  these  facts  before  us,  who  can  but  say  that  the  future 
will  yet  reveal  unexpected  and  hidden  possibilities? 

RECENT   RECORD. 

In  looking  over  the  record  of  liquid  air  for  the  last  few  years 
we  find  much  to  substantiate  our  statement  made  in  our  pre- 
vious issue,  to  the  effect  that  we  must  look  to  the  future  to 
**  reveal  unexpected  and  hidden  possibilities."  We  fail  to  find 
evidence  of  liquid  air  being  utilized  as  an  agent  in  the  pro- 
duction of  power,  to  drive  out  cars,  automobiles  or  steamships, 
or  to  operate  electric  generators,  or  in  the  field  of  refrigeration. 
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Id  the  field  of  scieDtific  research,  however,  we  find  that 
liquid  air,  or  other  gases  liquefied  at  low  temperatures, .  as 
oxygen  and  hydrogen,  have  been  of  conspicuous  and  valu- 
able service.  As  we  have  previously  stated,  most  of  the  re- 
sults attained  are  due  not  particularly  to  the  effects  produced 
by  the  gases  involved,  but  rather  to  the  effects  of  temperature. 

One  particularly  fascinating  phase  of  this  subject  is  treated 
in  an  interesting  article  by  Allan  MacFadyen,  M.  D.,  M.  B., 
Ch.  M.,  on  "The  Effects  of  Low  Temperatures  upon  Organic 
Life,"  from  which  we  present  a  few  extracts.* 

"  The  experiments  about  to  be  referred  to  extended  over  a 
considerable  period  of  time.  The  forms  selected  for  the  test 
were  certain  species  of  bacteria. 

"  The  ideal  test  reagent  appeared  to  be  liquid  air,  as  with 
its  aid  it  was  possible  to  reduce  the  temperature  to  about  190^ 
C.  below  freezing  point.  A  typical  series  of  bacteria  was  em- 
ployed, possessing  varying  degrees  of  resistance  to  external 
agents.  The  bacteria  were  first  simultaneously  exposed  to  the 
temperature  of  liquid  air  (about  190°  C.)  for  twenty  hours. 
In  no  instance  could  any  impairment  of  the  vitality  of  the 
organisms  be  detected  as  regards  their  growth  or  functional 
activities.  This  was  strikingly  illustrated  in  the  case  of  the 
phosphorescent  organisms  tested.  The  bacterial  cells  in  ques- 
tion emit  light,  which  is  apparently  produced  by  a  chemical 
process  of  intracellular  oxidation,  and-  the  luminosity  ceases 
with  the  cessation  of  their  activity.  The  organisms  when 
cooled  down  in  liquid  air  become  non-luminous,  but  on  re- 
thawing,  the  luminosity  returned  with  unimpaired  vigor  as 
the  cells  renewed  their  activity. 

"  Professor  Dewar  kindly  aflbrded  the  opportunity  of  sub- 
mitting the  organisms  to  a  still  more  severe  test,  viz.,  an  ex- 
posure to  the  temperature  of  liquid  hydrogen,  about  — 250°  C. 
The  same  series  of  organisms  were  employed  and  immersed  at 
this  temperature  for  ten  hours,  and  again  with  no  appreciable 
effect  on  the  vitality  of  micro-organisms. 

*  From  Harper's  Magazine,  Copyright,  1903,  by  Harper  &  Brothers. 
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"  The  experimeuts  could  not  be  regarded  as  complete  with- 
out an  attempt  being  made  to  auswer  the  question,  Will  or- 
ganic life  succumb  eventually  under  the  prolonged  action  of 
such  low  temperatures?  The  organisms  were  accordingly 
immersed  directly  in  liquid  air  and  kept  at  a  temperature  of 
about  — 190°C.  for  a  period  of  six  months.  The  vitality  of 
the  organisms  even  under  these  conditions  remained  unim- 
paired. One  of  the  main  eflTects  of  such  prolonged  exposure  to 
the  temperature  of  liquid  air  would  ^be,  if  one  may  so  express 
it,  a  -chemical  anaesthesia  of  the  cells  in  question  as  regards 
their  internal  and  external  economy.  The  ordinary  manifes- 
tations of  life  cease  at  zero,  but  at  the  temperature  of  liquid 
air  and  with  such  prolonged  exposure,  it  is  feasable  to  assume 
that  the  intracellular  activities  on  which  these  depend  like- 
wise cease,  inasmuch  as  the  two  cardinal  conditions  of  active 
cell  life  are  withdrawn,  viz.,  heat  and  moisture. 

"  It  is  difficult  to  form  a  conception  of  living  matter  under 
this  novel  condition  which  is  neither  life  nor  death,  or  to 
select  a  term  which  will  adequately  describe  it.  It  represents 
living  matter  in  a  new  and  hitherto  unobtained  "  third  "  con- 
dition, and  constitutes  perhaps  the  most  perfect  realization  of 
the  state  of  suspended  animation. 

**  It  could  hardly  have  been  surmised  that  the  discovery  of 
liquid  air  would  find  such  immediate  application  in  biological 
research,  and  supply  the  ideal  method  of  testing  the  influence 
of  low  temperatures  on  organic  life.  Nor  does  this  exhaust  the 
possible  applications  of  freezing  methods  to  biological  inquiry. 
Experiments  recently  made  have  shown  that  the  phj'sical 
properties  of  bacterial  cells  become  greatly  altered  at  low  tem- 
peratures. The  typhoid  bacillus,  for  example,  becomes  so 
brittle  at  the  temperature  of  liquid  air  that  its  mechanical 
trituration  is  ^  comparatively  easy  matter.  The  cell  juices  of 
the  typhoid  organism  have  been  obtained  in  this  manner, 
and  their  direct  study  rendered  possible.  The  ultimate  pro- 
blems of  life  are  cellular  problems.  There  can  be  little  doubt, 
therefore,  that  the  freezing  and  cold  grinding  methods  have 
opened  out  one  of  the  most  promising  fields  of  research  with 
regard  to  the  intimate  physiology  of  the  cell. 
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"  A  considerable  amount  of  speculative  interest  attaches  to 
the  results  that  have  so  far  been  obtained.  The  origin  of  life 
remains  the  inscrutable  problem  which,  if  it  continues  to 
baffle,  will  ever  continue  to  attract  human  intelligence.  All 
the  theories  and  all  the  deductions  that  have  hitherto  been 
put  forward  may  be  summarized  in  one  interrogative  sentence  : 
Did  life  arise  or  did  it  arrive  on  the  surface  of  the  earth  ?  If 
life  was  of  purely  terrestrial  origin,  the  theory  of  its  sponta- 
neous generation  would  furnish  the  easiest  solution,  but  un- 
fortunately experimental  inquiry  has  negatived  such  an 
attractive  explanation. 

"  There  remains  the  possible  evolution  of  organic  out  of  in- 
organic matter.  The  beginnings  of  life  might  possibly  be 
sought  for  amongst  the  inorganic  constituents  of  the  earth. 

"  This  theory^  although  it  is  beyond  reproach  from  an  evo- 
lutionary point  of  view,  is  lacking  on  any  trustworthy  experi- 
mental basis,  whilst  recent  inquiry  upon  organic  life  tends 
rather  to  widen  than  to  narrow  the  gap  that  exists  between 
living  and  dead  matter.  The  alternative  hypothesis  is  that 
life  was  transferred  to  the  earth,  as  it  might  be  to  any  other 
world,  as  soon  as  the  suitable  physical  conditions  arose.  The 
earth,  according  to  this  hypothesis,  was  *  infected '  with  the 
germs  of  life.  The  extraterrestrial  theory  of  the  origin  of  life 
has  been  particularly  favored  by  the  physicists,  and  notably 
by  Professor  Helmholtz  and  Lord  Kelvin.  We  know  that 
cosmic  dust  from  distant  worlds  is  constantly  falling  upon  the 
surface  of  the  earth,  and  that  meteorites  are  continually  col- 
liding with  its  atmosphere.  As  Helmholtz  remarks :  *  Who 
knows  whether  these  bodies,  which  everywhere  swarm  through 
space,  do  not  scatter  germs  of  life  wherever  there  is  a  new 
world  capable  of  giving  a  dwelling-place  to  organic  bodies?' 

"It  has  been  proved  that  bacterial  cells  can  grow  and 
multiply  at  the  abnormally  high  temperature  of  72^  C;  that 
they  can  be  exposed  unscathed  to  a  temperature  as  low  as 
— 190°  C.  for  six  months,  and  that  they  have  even  survived  a 
temperature  which  is  only  22°  above  the  absolute  zero. 
These  results  profoundly  modify   our  conceptions  as  to  the 
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temperature  conditions  under  which  it  is  possible  for  organic 
life  to  exist.  The  results  might  even  be  cited  in  favor  of  the 
cosmic  theory  of  the  origin  of  life  on  the  earth." 

Thus  we  find  liquid  air  serving  as  a  reagent  in  problems 
bearing  upon  the  modest  field  of  research  involving  the  deter- 
mination of  the  origin  of  life  upon  the  earth,  leaving  the  more 
mysterious  problem  of  the  ultimate  origin  of  life,  as  of  yore,  in 
the  hands  of  science,  philosophy  and  theology. 
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Evaporating  coils,  238 
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Evaporation,  3,  123,  128 

calculations  for,  130 

facilitation  of,  124 

formula  for  expressing  the  rate 
of,  127 

meteorological  conditions  effect- 
ing, 125-128 
Evaporator,  138,  146,  148,  261 

conditions  of  operation  in,  148 

values  for  results  obtained,  148 
Exhaust  steam,  use  of,  213 
Expander,  14 
Expansion  cock  or  valve,  119, 137,  208 

coils,  137 

disc  for,  114 

process,  8,  11 

FAHRENHEIT    and    centigrade 
thermometers,   comparison  of, 
359-3C7 
Fans  for  cooling  towers,  128 
Faraday  ^s  method  of  liquefaction  of 

gases,  407 
Fastener  for  refrigerator  doors,  340 
Featherstone  compressor,  151 
double  pipe  connection,  119 
Foundry  and  Machine  Co.'s  am- 
monia    compression     system, 
215-224 
horizontal   double-acting   ma- 
chine, 215,  218-220 
Fermenting  room  cooling  34 
Filter,  international,  371-375 
Filters  and  filtration,  371 
Fire-proof  cold  storage  buildings,  in- 
sulation for,  318-320 
construction,  insulation  for,  331 
Fitzgerald,  D.,  formula  for  express- 
ing the  rate  of  evaporation  deter- 
mined by,  128 
Flanged  coupling,  115 

joints  and  pipe  connections,  115 
Flat  coil  attemperator,  377 
Float  device,  369 
Food   products,   specific   and   latent 

heat  of,  110 
Fore-cooler,  208 

Frame  building,  insulation  for,  335 
Freezing  and  boiling  prints,  401 
chamber,  insulation  for,  97 
facilitation  of  the  rate  of,  50 
methods,  application  of,  to  bio- 
logical inquiry,  424 
mixtures,  use  of,  407 
plate,  47 

rooms,  insulation  for,  330 
tank,  48,  238 

insulation  of,  328,  332 
Frick  Co.,  plans  for  insulation,  325 
Fuel   consumption,   increase   in,   due 
to  boiler  scale,  121 


GAS,  compression  of  a,  164 
definition  of  a,  159 

dry,  compression  of,  165 

jets,  values  for,  105 

pump,  bye  pass  on,  235 

pumps,  387 

result  of  compressing  a,  406 

to  liquefy  a,  405 
Gases,  methods  of  liquefaction,  407 

solubility  of,  in  water,  382 

standard  for  the  specific  gravity 
of,  403 
Gauges,  388,  392 
Generation,  methods  of,  4,  7-15 
Generator,  301 
Generator  or  retort,  287-290 
Gland,  259 

packing  for,  393 
Glycerine,  260,  394 
Grist     patent     compressor     suction 
valve,  157 

HALL,  J.  &  E.,  system  of,  258-268 
Hand  hoist,  geared,  256,  257 
Heat  and  moisture  eifects  of  ilium  in- 
ants,   105-107 
conduction  of,  98,  99 
-conductivity,    determining   the, 
of    any    insulating    construc- 
tion, 344 
exchanger,  9 
latent,  401 

loss  of,  by  convection,  99 
of,  by  radiation,  97 
of  pressure,  58 
of  vaporization,  58 
received,  relation  of,  to  heat  dis- 
charged, 91 
specific,  403 

and    latent,    of    food    pro- 
ducts, 110 
of  ammonia,  188 
of  dry  air,  102 
of  liquid,  59 
standard  for,  403 
transferred,      relation      of,      to 

energy  required,  92 
unit,  91 

values,  determination  of,  176-178 
diagrammatic      representa- 
tions of,  182 
Hinges  for  refrigerator  dross,  339 
Historical,  1-6 
Hogs,  chill  room  for,  26 
Hoisting  mechanism,  47 
Hoists,  368 

electric,  50 
geared  hand,  256 
Horizontal  compressors,  150,  218,  220 
Horse-power   per   ton    of   refrigera- 
tion, 383 
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Horse-power  required  to  compress 
one  cubic  foot  of  ammonia  per 
minute,  383 

Hotels,  insulation  for  refrigerators 
for,  320-325 

Humidity,  relative  and  absolute,  re- 
lation between,  127 

Hydrogen,  specific  gravity  of,  403 
heat  of,  403 


CE    and    refrigerating    machine, 
North  Pole  miniature,  272-  274 
and  refrigerating  machines,  self- 
contained,    253 
-can  dump,  256 
hoist,  352 
cans,  352,  368 

standard,    214 
standardization  of,  49 
cost  of,  in  the  U.  S.,  5 
dump,  369 

factory,    approximate    cost    of 
operating,  354  , 

buildings,  351 
cleanliness  in  an,  353 
crew,   353 

operating  expenses  of  353 
running  an,   353 
what    IS    needed    to    estab- 
lish an,  351 
house  f  oors,  insulation  of,  327 
hygienic   and  transparent,   46 
machine,  dense  air,  278-286 

conditions    of 
operation 
of,  282 
principle    and 
method     of 
application 
of,  283 
enclosed,  254 
-made,  purity  of,  349 
one-ton,  duty  of  a,  93 
statistics  of  value  of,   5 
vertical  dense  air,  284,  285 
-making,  45-55,  209,  212,  222 
and   refrigerating,    relative 

capacity  for,  91-94 
cost  of,  53-55,  349 
earlier     individuals     recog- 
nized   in   the   history   of 
the  art  of,  2 
general  methods  of,  45 
machinery,  238-243 

use      of,      in     various 
places,   25 
machines,  rating  of,  94 
operative  features  and  cost 

of,  52-55 
plant,   cost    of   installation 
of  a,  54 


Ice-making    plant,    cost    of    opera- 
tion, 54 
table  for,  224 
practical  remarks  on,  349 
space  requirements  for,  53 
table  of  approximate  cost 
of,  55 
manufactured,  growth  of  indus- 
try of,  5 
market  for,  351 
moulds,   240 

standard,  214 
natural    and    machine,    relative 
consumption  of,  for  Cin- 
cinnati, 5 
cost  of,  350 
disease  germs  in,  349 
sources  of  best,  350 
output  of,  53 
plant,  201-205 

description   of  an,   294-298 
diagram  of  an,  210 
operating  expenses  of,  349 
water  power,  243 
skating  rink,  35 
specific  heat  of,  404 
steam,  and  water,  401-404 
storage  of,  52 

taking  out  of  the  moulds,  240 
Illuminants,  effect  of,  upon  the  air 
of   the   space   in   which   they 
are  burned,  105 
heat  and  moisture  effects  of,  105 
emission  of,  105 
India,  freezing  water  in,  1 
Indicator  valve,  235 
Information  and  tables,  349-426 
Installation,  cost  of,  53 
Insulating  construction,  determining 
the  heat-conductivity  of,  344 
materials,  comparative  value,  98 
values  of  materials,  317 
Insulation,    95-100 

approved  plans  of,  325-328 
efficiency  of,  316 
experiments    on,    by   the    Non- 
pareil Cork  Mfg.  Co.,  343 
for  30"  and  32T.,  328 
fundamental  suggestions  f or,316 
good,  315 
imperfect,  315 
materials  used  in,  95 
modem  high  class,  333-336 
perfect,  315 

plans  by  Madison  Cooper,  332 
of  John  Levey,  328-332 
structural,  315-348 

investigations  of,  343-348 
values  of  materials,  343 
various  methods  of,  341 
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International  filter,  371-375 
Isbell-Porter  Co.,  polar  condenser,  84 

JOINTS,  262 
and  pipe  connections,  115-120 
screwed,  116 
testing  of,  for  leaks,  387 
welded,  116 
Jones,  automatic  fastener,  340 

refrigerator  door,  337-341 

KEOESCHEL  BBOS.,  carbonic  an-  j 
hydride  machines,  269-277 

LAND  type  machine,  smaller,  265  i 
Latent  heat,  401 
Leakage,  394 

Leaks,  testing  joints  for,  387 
Levey,  plans  for  insulation,  328 
Life,  origin  of,  425 
Lillie  evaporator,  138,  147 

results  obtained  with,  149  I 
Linde  compressor,  194-196 

test  of,  68  : 

plant,  description  of  a,  199-203  \ 
process  of  liquefying  air,  412-416 
Linofelt,  342 

Liquefaction  of  gases,  407-420 
Liquid  air,  405-426 

and   refrigeration,   relation 

between,  405 
changes  in  electrical  prop- 
erties by,  422 
effect   of,   on   chemical  af- 
finity, 422  ' 
on  materials,  421 
explosion  caused  by,  421 
future  utility  of,  420-422 
recent  record  of,  422-426 
shipping  of,  421 
use  of,  for  blasting,  420 
ammonia  receiver,  198 
change    of    a,    to    the    gaseous 

state,  3 
cooling,  59 

losses   in   refrigerating   ef- 
fect due  to,  60 
fore-cooler,  135-137 
Lith,  342 

Lorenz,  tests  made  by,  67 
Losses,  calculating  the,   100 
Lubrication   system   for  compressor, 
228 

MACFADYEN,  A.,  on  the  effects 
of  low  temperatures  upon   or- 
ganic life,  422-426 
Machine  ice,  statistics  of  value  of,  5 
-made  ice,  purity  of,  349 

28 


Machines   and   systems,    rating    for 
production  for,  6 
types  of,  263-265 
Marcet,  experiments  of,  396 
Marine  type   machine,   small   verti- 
cal, 263 
Mechanical  refrigeration,  rates  from 
principal  cold  storage  houses,  357 
Mediums,     refrigerating,     practical 

primaiy,  56-69 
Metric  system,  404 
Micro-organisms,  effect  of  low  tem- 
peratures on,  423 
Milk  cooling,  cost  of  power  for,  66 
Mill  shaving  construction,  348 
Mineral  wool  construction,  348 
Motive  power  for  ammonia  compres- 
sion system,  145 
Moulds,  240,  352 

taking  the  ice  out  of  the,  240 

NATURAL  ice,  best,  sources  of,  350 
cost  of,  350 
disease  germs  in,  349 
Nernst  lamps,   106 
Newburgh  Ice  Machine  and  Engine 
Co.,   apparatus  manufactured 
by,  251-257 
Ice   Machine    and    Engine    Co., 
vertical   single-acting    refrig- 
erating machine  of  the,  150 
Nitrogen,  critical  temperature  of  ,417 
Non-conductors     of     heat,     relative 
values  of,  317 
used' in  insulation,  95 
Nonpareil  cork  construction,  345-347 
Manufacturing  Co.,  ex- 
periments on  insula- 
tion by,  343-348 
North  Pole  machines,  272-274 

OIL  extractor,  147 
injection,  153-155 

definition   of,  205 
I  purpose  of,  205 

i  trap,    198 

Oxygen,  critical  temperature  of,  417 

PACKING  houses,   effective  value 
of  one  ton  of  refrigeration 
for,  111 
houses,   mechanical  refrigera- 
tion in,  25-27 
Peckham,  on  the  effects  of  liquid  air 

on  materials,  421 
Penney 's   pure   water   distilling   ap- 
paratus, 255,  256 
Pennsylvania  Iron  Works,  ammonia 
compression  system,  225-230 
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Pennsylvania  Iron  Works,  Grist  pa- 
tent compressor  suction  valve,  157 
Performance,     calculation     for     co- 
efficient of,  185-187 
co-efficient  of,  181 
Pert,  Paul,  conclusions  of,  396 
Pettenkofer,    Dr.    von,    and    Prof. 

Emmerich,  experiments  of,  396 
Pipe  connections  and  flanged  joints, 
115-120 
double,   119 
increasing  the  radiating  surface 

of,  113 
insulation,    95 
-line  refrigeration,  41-44 
size  of,  112 
spacing  of,  112 
Piping,  237 

allowances,  data  on,  122 
amount    of,    121 
effect   of  brine  on,  73 
for  refrigeration,   112-122 
multiple  system  of,  112 
pumping  the  air  out  of  the,  388 
testing  of,  120 
Piston  travel,  data  on,  63 
Pitch  construction,  348 
Plans     for     structural     insulation, 

318-336 
Plate -ice  making,  47 

operative    features 
and  cost  of,  52-55 
system,  45 

Eclipse  patent,   243-245 
Polar  absorber,  308 
brine  cooler,  309 
condenser,   84-86 
refrigerating  machine,  306-310 
operation  of  ,3 10 
Power    consumption    for   high    class 
arc  lighting,  107 
of  electric  lamps,  106 
required,  65 
Practical  primary  refrigerating  me- 
diums,   56-69 
Practice  as  shown  by  particular  sys- 
tems and  apparatus,  193-314 
Pressure,  407 

and  temperature,  critical,  405 
heat  of,  58 
mean  effective,  63 

of     diagram    of    ammonia 
compressor,  64 
superior,  device  for,  260 
work,  and  cost  of  fuel,  relation 
between,  160-162 
Pressures,  different,  for   ammonia,  65 
ratio  of,  65  : 

Products,   temperatures  for  preserv- 
ing, 355 


Pumice,  sterilized,  construction,  347 
Pump    mechanism,    ease    of    access 
to,  235 

single-acting,  232 

standard  ammonia/  293 

well  water,  212 
Pumps  for  cooling  towers,  129 

single-acting  versus   double-act- 
ing, 231 

vertical,   231 
Purge  cock,   133 


Q 


(UINCY  Market  Cold  Storage  Co.,. 
Boston,  refrigerating  machine 
constructed  for,  225-228 


RADIATING  discs,  113,  208 
power  of  material,  97 
Radiation,  loss  of  heat  by,  97 
Ransomes  and  Rapier  ammonia  ab- 
sorption system,  299-305 
Rates  of  storage  and  temperatures^ 

tables  of,  355-358 
Reboiler,  213 
Rectifier,  9,   141,  290 
Refrigerated  chamber,  wall  of  a,  100 
Refrigerating  and  ice-making,  rela- 
tive capacity  for,  91-94 

apparatus  of  dense  air  ice-ma- 
chine,  data  on,  285 
of  U.   S.   S.  Virginia,   test 
of,  286 
capacity,    effect    of    superheat- 
ing on,   162 
loss  in,  163 
effect,     cylinder     capacity     per 
unit,  61 
of   one  cubic   foot   of  am- 
monia   gas    at    different 
condenser     and     suction 
(back)    pressures  in  B.T. 
units,  384 
effects   produced   by    dense    air 

ice  machine,  285 
machine,    ammonia    absorption, 
299-303 
ammonia   absorption,   oper- 
ative results  and  tests  of. 
303-305 
largest,  225-228 
polar,  306-310 

efficiency  of,  310 
vertical  operating  with  oil 
injection,  154,  155 
machinery,    use    of,    in   various 

places,   25 
machines,  basis  of  rating  of,  91 
rating  of,  94 
single-acting,  152 
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Befrigerating  machines,  tests  of,  by  i 

•  Danish   Agricul- 
tural Soc'y,  67    I 

vertical  single-act- 
ing, 150,  254 
medium,  requirements  of  a,  56 
mediums,  practical  primar7,56-59 
value  for  the  critical  data 
for,   57 
plant,  diagram  of,  209 

general  arrangement  of  a,  17 
plants,  small,  253 

•  small,    effective    value    of 

one  ton  of  refrigeration, 
for,  111 
Refrigeration,  amount- of,  required, 
109 
and  liquid  air,  relation  between, 

405 
applications  of,  25-44 
central  station  for  distribution 
'  .     of,    41-44 

,    classification  of  methods  of,  16 

cubic  feet  of  ammonia  gas  that 

must  be  ptimped,  per  minute 

to   produce   one   ton   of,   per 

day,  382,  384 

cycle  of  operations  in,  208-209 

data  of,  6 

effect    of    compressed    air,    ex- 
planation of,  132 
effective  value  of  one-ton  of.  111 
first  step   towards  the  solution 

of  the  mystery  of,  2 
gradual  growth  of,  2 
horse  power  per  ton  of,  383 
losses  of,  97 

mechanical,    rates    from    princi- 
pal cold  storage  houses,  357 
on  ship-board,   37-41 
pipe  line,  41-44 
•piping  for,  112-122 
principles  involved  in,  2 
requirements    for    air    cooling, 
101-108 
Refrigerator,  14,  15 
cars,  28 
doors,  337-341 
Refrigerators  for  hotels  and  restau- 
rants, insulation  for,  320-325 
Regenerative    system    of    liquefying 

air,  416-420 
Regulating  valve,  261 
Regulator,  automatic,  291 
Restaurants,    insulation     for    refri- 
gerators for,  320-325 
Retort  or  generator,  287-291 
Riedinger'a,  L.  A.,  CO^  compressor, 
test  of,  69 


SAFETY  compressor  head,  234 
head,  246-248 
valve,  261,  271 
Salinometer  or  salometer,  70,  73 
Saltpetre,    cooling    or    freezing 

liquids  by,  1 
Saturated    ammonia,    properties    of, 
381 
mixtures    of    air    and    vapor, 

weight  of,  125 
vapor,  compression  of,  166 
Saturation,  calculation  for  condition 
of,  189-191 
condition   of,  182,  183 
values  for  vapor  pressures  for 
different  degrees  of,  126 
Screwed  joints,  116,  117 
Sea  water,  properties  of,  404 
Sedlacek's  patent  on  details  of  the 

stuffing  box,  269,  270 
Separator,  260,  270,  394 
Series    method    of    liquefaction    of 

gases,  408-411 
Shell  type  condenser,  84-86 
Ship-board,  refrigeration  on,  37-41 
Single-acting  pimip,  232 

refrigerating  machines,  152 
Sodium  chloride  solution,  properties 

of,  72 
Specific  gravity,  402 

mode  of  obtaining,  402 
standard  for,  402 
heat,   403 

of    ammonia,    data    in    re- 
gard to,  188 
of  liquid,  59 
standard  for,  403 
Standard  ammonia  pump,  293 
cans,  49-51 

compressor,  206,  232,  234 
condenser,  208 
ice  cans  and  moulds,   214 
Stand-pipe,    289 
Statistics,  4-6 
Steam  boiler  plant,  137 

scale,  increase  in  fuel  con- 
sumption   due   to,    121 
change  of  water  into,  401 
engines   for   ammonia  compres- 
sion system,  145 
filter,  213 

water,  and  ice,  401-404 
Steamer  for  transportation  of  refri- 
gerated meats,  39 
for    transport    of    butter    and 
bacon,  40 
Sterilized  pumice  construction,  347 
Still,  140 
Stop  cocks,  118 
Storage,  cooling  of  goods  in,  109-111 
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Storage,  general,  table  of  rates  for, 
367 
of  ice,  52 

rates     of,     and     temperatures, 
tables  ot,  355-358 
Strainer,  394 
Structural  insulation,   315-348 

investigations  of,  343-348 
Stuffing  box,  155,  269,  270 
Submerged  condenser,  78,  293 

amount  of  cooling 
surface   for,    90 
Suction  valve,  234 
Sulphur  dioxide,   heat   of  vaporiza- 
tion  and  pressure 
of,  59 
specific  heat  of,  59 
Superheat,  condition  of,  162 

temperature  of,  at  low  pressure, 
187 
Systems   and  apparatus,  particular, 
practice  as  shown  by,  193-314 

'ipABLE  for  ice-making  plants,  224 
X     of  approximate  cost  of  ice-mak- 
ing, 55 
cost    of   operating 
ice  factories,  354 
cylinder    capacity    per    unit 

refrigerating  effect,  61 
data  on  piston  stroke,  63 
density  of  ammonia  vapor  at 

suction  pressure,  160 
effective  value  of  one  ton  of 

refrigeration.  111 
mean  pressure  of  diagram  of 

ammonia  compressor,  64 
properties  of  brine,   72 
rates  for  general  storage,  357 
specific    and    latent    heat    of 

food  products,  110 
temperatures    for    cold    stor- 
age, 356 
for    preserving    pro- 
ducts, 355 
weight  of  air,  vapor  of  water, 
and  saturated  mixtures  of 
air  and  vapor,  125 
Tables  and  information,  349-346 
of   temperatures    and   rates    of 

storage,  355-358 
on     ammonia    and     compressor 
capacity,   380-384 
Tank,  ammonia  supply,  handling  of 
the,  385 
insulation,  328-332 
Temperature  and  pressure,  405 
critical,  57,  405 
for  cold  storage,  356 
Lord  Kelvin's  formula  for  the 
drop  in,  419 


Temperature   pressure,    and   volume 
of  a  gas,  expression  of  the  re- 
lation between,  159 
-reading,   operation   of,   399 
reduction  of,  406 
resistence  methods  for  the  de- 
termination of,  398 
Temperatures  and  rates  of  storage, 
tables   of,   355-358 
for  preserving  products,  355 
low,    effects    of,    upon    organic 
life,  422-426 
Testing    piping,    120 
Test  of  Carbondale  ice  plant,  311-314 
dense  air  ice  machine,  285 
refrigerating     apparatus     of 
U.  S.  S.  Virginia,  286 
Tests    by    Danish    Agricultural    So- 
ciety,  67 
Dr.  Lorenz,  67 
of  a  fifty-ton  Featherstone  re- 
frigerating machine,   221 
insulation    values    of    mater- 
ials, 343 
results  of,  66 
Thermit  welds,  117 
Therriiometer  scales,  comparison  of, 

359-367 
Thermophone,  398-400 
Towers,  water  cooling,  123-131 
Transporting  mechanism,  47 
Traveling  crane,  352,  368,   369 
Trials  at  British  dairy  show,  66 
Triple-pipe  brine  cooler,  22 
Triumph  brine  cooler,  20 
Typhoid  bacillus,  effect  of  low  tem- 
peratures on,  424 


UNDERGBOUND  pipe,  96 
Union,    115 


VALVE,   compensating,    for  brine 
pump,  303 
j  discharge,  235 

indicator,  235 
regulating,  261 
suction,  234 
Valves  and  cocks,  118 
claims  for,  237 
compressor,  156-158 
examination  of,  393 
safty,  261-271 
Vapor  and  air,  weight  of  saturated 
mixtures  of,  125 
aqueous,  cooling  of,  102 

weight  of  a  cubic  foot  of,  102 
compression   of   a,   164 
definition  of,   159 
of  water,  weight  of,  125 
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YapoT  pressures,  values  for  different 
degrees  of  saturation,   126 
saturated,   compression   of,   166 
Vaporization,   heat   of,   58 
Vertical    Allen    dense    air    ice    ma- 
chine, 284 
-     compressors,  150,  216,  218 
marine  type  machine,  small,  263 
pumps,   231 
refrigerating  machine  operating 

with  oil  injection,  154 
single-acting   refrigerating  ma- 
chine, 150,  254 
Vogt,  Henry,  Machine  Co.,  ammonia 
absorption  system  of,  287,  298 


W 


ALL  device,  370 


Water  basin  for  cooling  towers,  128 
bringing  large  quantities  of  air 

in  contact  with,  124 
composition  of,  401 
coohng  outfit,  255 

tower,  function  of  a,  123 
principle   of   operation 
of,  123 
towers,  123-131 

capacity  of,  129 
cost  of,  130 
features    of    construc- 
tion   and    operation 
of,  128,  129 
results    obtained    with, 
129 
distilling  apparatus,  255 

system,  240-243 
distributing  apparatus  for  cool- 
ing towers,  129 
economy  in  the  use  of,  240 


Water-freezing,  expansive  force,  404 
of,  in  India,  1 
ice,  and  steam,  401-404 
-jacket,   234 

obtaining  a  large  surface,  124 
-power  ice  plant,  243 
reduction  of  the  freezing  point 
of,  70 
j         solubility  of  gases  in,  382 
I  specific  heat  of,  403 

supply,  77,  351 
[         transformations  of,  3 

value  for  the  specific  gravity  of, 
I  402 

weight  of  vapor  of,  125 
Weak  liquor  cooler,  143,  293 
Welded  joints,  116 
'  Well-water  pump,  212 
Wet  and  dry  compression,  164-167 

compression,   definition   of,   164 
Wolf     atmospheric     ammonia     con- 
denser, 79-82 
Co.,  Fred.  W.,  plans  for  insula- 
tions endorsed  by,  318-320 
cylindrical  attemperator,   378 
double-pipe  ammonia  condenser, 
87 
Wooden    buildings,    insulation    for, 
323 

YORK  apparatus,  illustrations  of,. 
248 
atmospheric  condenser,  82  * 

double-pipe  ammonia  condenser, 

88 
machine,  246-250 

tests  of,   249 
Manufacturing  Co.,  tests  made- 
by,  249 


Books  on  Ice-Making  and  Refrigeration 

Cooper— Practical  Cold  Storagre.  The  Theory,  Design  and  Construc- 
tion of  Buildings  and  Apparatus  for  the  Preservation  of  Perishable  Products. 
Approved  Methods  of  Applying  Refrigeration,  and  the  Care  and  Handling  of 
EggSi  Fr"«f  Dairy  Products,  etc.  By  Madison  Cooper,  fully  illustrated,  576 
pages,  8vo., I3.50 

lievey— Befrlgreratlon  Meinx>razida.    A  Collection  of  Useful  Infor. 

niation  Relating  to  Ice-making  and  Refrigeration,  Gnthered  from  Engine  Room 
Practice.     By  John  Levey,     i  19  pages,  vest  pocket  size, 75 

XiOrenz— Modern  Refrigreratlng:  Machinery.  Its  Construction, 
Methods  of  Working  and  Industrial  Applications.  A  Guide  for  Engineers  and 
Owners  of  Refrigerating  Planis.  Translated  from  the  Third  German  edition. 
With  chapters  on  American  Practice  in  Refrigerating  Insulation,  Auditorium  and 
Other  Cooling.  By  H  M.  Haven  and  F.  W.  Dean.  271  illustrations,  396 
pages,  8vo $4.00 

Paulding— Transmission  of  Heat  Tiirou^b.  Cold  Storaire 

Insulation.  Formulas,  Principles  and  Data  relatinjjto  Insulation  of  Every 
Kind.  A  Manual  for  Refrigerating  Engnieers.  By  CHARLES  P.  PauLDING, 
M.  E.     41  pages,  i2mo.*, Ji.OO 

Selfe— Macllinery  for  Refrigreration.  Being  Sundry  Observations 
with  Regard  to  the  Principal  Appliances  Employed  in  Ice  Making  and  Refrig- 
eration, and  upon  the  Laws  Relating  to  the  Expansion  and  Compression  of 
Gases.     By  Norman  Selfe.     374  pages,  8vo, ^3-50 

Si^bel— Compend  of  Mechanical  Refrlg^e ration  and  Bng^i- 

neering^.  A  Comprelieusive  Digest  of  General  Engineering  and  Thermo- 
dynamics for  the  Practical  Use  of  Ice  Manufacturers,  Cold  Storage  Men,  Con- 
tractors, Engineers,  Brewers,  and  all  other  Users  of  Refrigeration  in  the  Various 
Industries,  also  Students  of  Refrigeration  in  Connection  with  Engineering. 
Seventh  eduion.     By  J.  E.  Siebel.     Fully  illustrated,  571  pages,  i2mo.,    $350 

Voorhees  — Indicating:  the  Refrigreratingr  Machine.      The 

Application  of  tlie  Indicator  to  tlie  Ammonia  Compressor  and  Steam  Engine ; 
with  Practical  Instructions  Relating  to  the  Construction  and  Use  of  the  Indicator 
and  Reading  and  Computing  Indicator  Cards.  By  GARDNER  T.  VoORHEES. 
179  pages,  i2mo., Ji.oo 

Wallis-Tayler— Pocltet-Book  of  Refrigreration  and  Ice- 
Making.  Edited  by  A.  J.  Wallis-Tayler  Fourth  edition,  enlarged,  illus- 
trated by  31  diagrams,  184  pages,  l2mo., I1.50 

Wallis-Tayler  —  Refrigreration,  Cold  Storagre  and  Ice- 
Making^.  A  Practical  Treatise  on  the  Art  and  Science  of  Refrigeration.  By 
A.  J.  Wallis-Tayler.    361  illustrations,  590  pages,  8vo., f4>50 

Williams— Mechanical  Refrigreration.  Being  a  Practical  Introduc- 
tion to  the  Study  of  Cold  Storage,  Ice  Making,  and  other  Purposes  to  which 
Refrigeration  is  being  Applied.  By  Hal  Williams.  115  illustrations,  406 
pages,  i2mo., I2.25 


ECLIPSE  ICE-MAKING  AND 
REFRIGERATING  MACHINERY 


BUILT   ONLY   BY 


FRICK  COMPANY 

WAYNESBORO,  PENN'A.,  U.  S.  A. 


COMPLETE    ICE -MAKING    EQUIPMENTS 

ANY  CAPACITY  REQUIRED 

Refrigeration  for  Breweries,   Hotels,  Public   Institu- 
tions, Provision,  Storage  and  Packing  Houses. 

ECLIPSE  PATENT  TRIPLE-PIPE  BRINE-COOLERS 
AMMONIA  CONDENSERS.  AMMONIA  VALVES  AND  FITTINGS 

ECLIPSE   CORLISS    STEAM    ENGINES 

STEAM    BOILERS  AND  TANK  WORK   OF  ALL  KINDS 

Write  for  RED  BOOK  K,  about  ICE-MAKING 
Give  us  Particulars  of  your   Requirements. 


THE 


UNION  FIBRE  COMPANY 


or  WINONA,    MINNESOTA, 

Is  the  largest  and  only  company  in  the  United  States  engaged 
exclusively  in  the  manufacture  of  cold  storage  insulation. 

This  company  makes  non-conductors  of  heat,  cold,  and 
sound  for  cold  storages,  refrigerator  cars,  ice  boxes,  breweries,, 
and  dwelling  houses. 


OUR  PRODUCTS  INCLUDE : 

L^i  1  tif  a  Flax  Insulation  of  the  highest  efficiency,  for  cold  storage 
IN  SLABS    houses,  breweries,  etc.     The  cost  is  relatively  very  low. 
20"  X  50" 

V^vJxvll^    oL^/\.DO^  Fire  Proof,   Impregnated,  pressed  and  baked 

into  highly  efficient  Insulation. 

L^ilNLyPUL  1  f  a  Flax  Fibre  insulating  quilt  for  refrigerators,  re- 
frigerator cars  and  for  building  purposes,  specially 
prepared  in  several  grades  for  sheathing;  also 
substituted    for  back-plaster,  etc. 

MINERAL  WOOL  SOUND  DEADENER 

For  Houses — also  for  Refrigerators. 

GRANULATED  CORK 
MINERAL  WOOL 


SAJLES  orricEs 


500  Fifth  Avenue  1114  Great  Northern  Bldg. 

NEW  YORK  CHICAGO 

62  Loan  and  Trust  Bldg.  571  Sheidley  Building 

MILWAUKEE  KANSAS  CITY,  MO. 


The  Allen  Dense-Air  Ice  Machine 

( &••  pAfftt  278 ) 

Uses  no  chemicals,  only  air  at  easy  pressure  (65  lbs.)  in  pipes. 
It  is  placed  in  the  engine  room,  while  meat  rooms,  ice-making 
box,  pantry  and  galley  refrigerators  are  forward  as  usual. 

Half- ton  "Vertical  (3^x3^ — 6'^)   makes  ice  and  refrigerates  meat- 
rooms,  etc.,  for  yachts  of  180  feet  length,  including  Kanawha. 

One  ton  Vertical  (4^x4')  or  Horizontal  {7^xs}4^)  for  steam 
yachts  250  feet  length,  including  Nourmahal  and  Atalanta. 

Two  ton  Vertical  (5^x5^)  or  Horizontal  (9^x4^')  for  larger 
yachts  including  Josephine. 

More  than  200  in  daily  service  in  the  tropics  since  many  years 
on  U.  S.  Men-of  war,  Steam  Yachts  and  Mercantile  Steamers. 

H.  B.  ROELRER 

4'1  Maiden  Lane  NEIW  YORIV 


SHORT-TITLE    CATALOGUE 

OF  BOOKS  FOR  SALE  BY 
PHILADELPHIA  BOOK  COMPANY 

Engineering  and  Technical  Books, 
17  SOUTH  NINTH  STREET,  PHILADELPHIA,  PA. 


ARRANGED    UNDER  SUBJECTS. 


Descriptive  circulars  sent  on  application.    Books  marked  with  an  asterisk  (*)  are 
Bold  at  net  prices  only.     All  books  are  bound  In  cloth  unless  otherwise  stated. 


AGRICULTURE. 


Amisby's  Manual  of  Cattle^feeding lamo,  %i  75 

Principles  of  Animal  Nutrition 8vo,  4  00 

Budd  and  Hansen's  American  Horticultural  Manual: 

Part  I.  Propagation,  Culture,  and  Improvement lamo,  1  50 

Part  II.  Systematic  Pomology lamo,  i  50 

Elliott's  Engineering  for  Land  Drainage lamo,  x  50 

Practical  Farm  Drainage lamo.  i  00 

Graves's  Forest  Mensuration 8vo,  4  00 

Green's  Principles  of  American  Forestry lamo.  1  50 

Grotenfelt's  Principles  of  Modem  Dairy  Practice.     (Woll.) xamo,  2  00 

Hanausek's  Microscopy  of  Technical  Products.     (Winton.) 8vo,  5  00 

Herrick's  Denatured  or  Industrial  Alcohol       8vo,  400 

Maynard's  Landscape  Gardening  as  Applied  to  Home  Decoration i2mo,  x  50 

*  McKay  and  Larsen's  Principles  and  Practice  of  Butter-making Svo,  i  50 

Sanderson's  Insects  Injurious  to  Staple  Crops i2mo,  i  50 

♦  Schwarz's  Longleaf  Pine  in  Virgin  Forest     i2iro,  i  25 

Stockbridge's  Rocks  and  Soib. Svo,  2  50 

Winton's  Microscopy  of  Vegetable  Foods Svo,  7  50 

WoU's  Handbook  for  Farmers  and  DairymeiL r i6mo,  x  50 

ARCHITECTURE. 

Baldwin's  Steam  Heating  for  Buildings xamo,  2  50 

Bashore's  Sanitation  of  a  Country  House X2mo.  i  00 

Berg's  Buildings  and  Structures  of  American  Railroads 4to,  5  00 

Birkmire's  Planning  and  Construction  of  American  Theatres Svo,  3  00 

Architectural  Iron  and  SteeL Svo,  3  50 

Compoxmd  Rivete/.  Girders  as  Applied  in  Buildings Svo,  2  00 

Planning  and  Construction  of  High  OfSce  Buildings Svo,  3  50 

Skeleton  Construction  in  Buildings Svo,  3  00 

Brigg's  Modern  American  School  Buildings Svo,  4  00 

Carpenter's  Heating  and  Ventilating  of  Buildings Svo,  4  00 
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Fraitag's  Architectural  EncinMrinc. Svo.  3  S» 

Fireproofing  of  StMl  Buildingt 8vo,  2  50 

French  and  lyea'a  Stereotomy 8to.  2  9a 

Gerhard's  Guide  to  Sanitary  Hoiiie-inipection. z6mO|  i  00 

Sanitation  of  Public  BuiUingi lamo,  i  s» 

Theatre  Firea  and  Panics zamo,  i  50 

*Greene'8  Structural  Mechanics Sto.  a  5* 

Holly's  Carpenters'  and  Joiners'  Handbook.  • zSmo.  75 

Johnson's  Stetics  by  Algebraic  and  Graphic  Methods. .  • Bvo.  a  00 

KUlaway '8  How  to  Lay  Out  Suboxban  Bome  Gnmnda 8to,  2  00 

Kidder's  Architecte' and  BttiUfers' Pocket-book.  Rewritten  Edition.  i6mo,mor..  5  00 

Merrill's  Stones  for  Building  and  Decoration 9ro,  $  o» 

Non-metellic  Minerals:  Their  Occurrence  and  Uses Svo,  4  00 

Monckton's  Stair-building 4to,  4  00 

Patton's  Practical  Treatise  on  Foundations. 8vo,  5  00 

Peabody's  Naval  Architecture 8vo,  7  5a 

Rice's  Concrete-block  Manufacture 8to,  a  o» 

Richey's  Handbook  for  Superintendente  of  Construction i6mo,  mot,,  4  o» 

*  Building  Mechanics'  Ready  Reference  Book: 

*  Carpenters'  and  Woodworkers'  Edition i6mo,  morocco,  z  5» 

*  Cementwoikers  and  Plasterer's  Edition.     (In  Press.) 

*  Stone-  and  Brick-mason's  Edition zamo,  mor.,  z  50 

Sabin's  Industrial  and  Artistic  Technology  of  Painte  and  Varnish. 8to,  3  00 

Siebert  and  Biggin's  Modem  Stone-cutting  and  Masonry 8vo,  z  50 

Snow's  Principal  Species  of  Wood 8yo,  3  50 

Sondericker's  Graphic  Stetics  with  Applications  to  Trusses,  Beams,  and  Arches. 

8to,  a  00 

Towne's  Locks  and  Builders'  Hardware z8mo,  morocco,  3  00 

Turneaure  and  Maurer's  Principles  of  Reinforced  Concrete  Construc- 
tion   8vo,  3  oo 

Wait's  Engineering  and  Architectural  Jurisprudence 8to,  6  00 

Sheep,  6  50 
Law  of  Operations  Preliminary  to  Construction  in  Engineering  and  Archi- 
tecture  8to,  5  o* 

Sheep,  5  50 

Law  of  Contracts 8yo,  3  oa 

Wilson's  Air  Conditioning,     (In  Praos.) 

Wood's  Rustless  Coatings:  Corrosion  and  Electrolysis  of  Iron  and  Steel.  .8to,  4  00 
Worcester  and  Atkinson's  Small  Hospitels,  Esteblishment  and  Maintenance, 
Suggestions  for  Hospitel  Architecture,  with  Plans  for  a  Small  Hospital 

zamo,  z  as 

The  World's  Columbian  Exposition  of  Z893 Large  4to,  z  o* 


ARMY  AMD  NAVY. 

Bemadou's  Smokeless  Powder,  Nitro-cellulose,  and  the  Theory  of  the  Cellulose 

Molecule «....- zamo,  a  50 

Chase's  Screw  Propellers  and  Marine  Propulsion 8vo,  3  00 

Cloke's  Gunner's  Examiner 8to,  z  50 

Craig's  Azimuth. 4to,  3  50 

Crehore  and  Squier's  Polarizing  Photo-chronograph 8vo,  3  00 

*  Davis's  Elemente  of  Law 8vo,  a  50 

*  Treatise  on  the  Military  Law  of  United  Stetes. 8vo,  7  00 

Sheep,  7  50 

De  Brack's  Cavalry  Outposto  Duties.     (Carr.) a4mo.  morocco,  a  00 

Dietz's  Soldier's  First  Aid  Handbook z6mo,  morocco,  z  as 

*  Dudley's  Military  Law  and  the  Procedure  of  Courts-martiaL . .  Lazge  zamo.  a  50 
Durand's  Resistance  and  Propulsion  of  Ships. 8vo,  5  00 
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*  Dyer's  Handbook  of  Light  ArtiUery xamo,  a  oo 

Xisaler's  Modem  High  Ezplosiyet 8vo,  4  00 

^  Fiebeger*!  Text-book  on  Field  Fortification. Small  8vo,  a  00 

Hamilton's  The  Gunner's  Catechism iSmo,  z  00 

*  Hoff's  Elementary  Naval  Tactics Sro,  z  50 

Ingalls's  Handbook  of  Problems  in  Direct  Fire. 8vo,  4  00 

*  lissak's  Ordnance  and  Gnxmeiy 8vo,  6  00 

^  Lyons's  Treatise  on  Electromagnetic  Phenomena.  Vols.  I.  and  H.  .8vo,  each,  6  00 

*  Mahan's  Permanent  Fortifications.    (Mercur.) 8vo,  half  morocco,  7  59 

Manual  for  Courts-martiaL x6mo,  morocco,  z  50 

*  Mercur's  Attack  of  Fortified  Places x2mo,  a  00 

*  Elements  of  the  Art  of  War. 8vo,  4  00 

Metcalf's  Cost  of  Manufactures — And  the  Admintstratioo  of  Workshops.  .8vo,  5  00 

*  Ordnance  and  Gunnery.     2  vols i2mo,  5  00 

Murray's  Infantry  Drill  Regulations i8mo,  paper,  10 

JRTizon's  Adjutants'  Manual 24mo,  z  00 

Peabody's  Naval  Architecture 8vo,  7  50 

*  Phelps's  Practical  Marine  Surveying 8vo,  2  50 

Powell's  Army  Officer's  Examiner .' z2mo,  4  00 

Sharpe's  Art  of  Subsisting  Armies  in  War x8mo,  morocco,  i  50 

*  Tupes  and  Poole's  Manual  of  Bayonet  Exercises  and    Musketry  Fencing. 

24mo,  leather,  50 

Weaver's  Military  Explosives. 8vo,  3  00 

Wheeler's  Siege  Operations  and  Mllitaiy  Ifining 8vo,  2  00 

Winthrop's  Abridgment  of  Military  Law lamo,  2  50 

Woodhull's  Notes  on  Military  H]rgiene z6mo,  z  50 

Young's  Simple  Elements  of  Navigation. z6mo,  morocco,  2  00 

ASSAYING. 

Pletcher's  Practical  Instructions  in  Quantitative  Assaying  with  the  Blowpipe. 

i2mo,  morocco,  z  50 

Furman's  Manual  of  Practical  Assaying 8vo,  3  00 

Lodge's  Notes  on  Assaying  and  Metallurgical  Laboratory  Experiments 8vo.  3  00 

Low's  Technical  Methods  of  Ore  Analysis 8vo,  3  00 

Miller's  Manual  of  Assaying. z2mo,  z  00 

Cyanide  Process i2mo,  i  00 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.     (Waldo.) z2mo,  2  50 

O'DriscoU's  Notes  on  the  Treatment  of  Gold  Ores 8vo,  2  00 

Ricketts  and  Miller's  Notes  on  Assaying 8vo,  3  00 

Robine  and  Lenglen's  Cyanide  Industry.     (Le  Clerc.) 8vo,  4  00 

tJlke's  Modem  Electrolytic  Copper  Refining 8vo,  3  00 

Wilson's  Cyanide  Processes z2mo,  z  50 

Chlorination  ProceML z2mo,  z  50 


ASTROHOMY. 

Comstock's  Field  Astronomy  for  Engineers 8vo,  2  50 

Craig's  Aximuth 4to,  3  50 

Crandall's  Text-book  on  Geodesy  and  Least  Squares 8vo,  3  00 

Doolittle's  Treatise  on  Practical  Astronomy 8vo,  4  00 

Gore's  Elements  of  Geodesy 8vo,  2  50 

Hayford's  Text-book  of  Geodetic  Astronomy 8vo,  3  00 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy 8vo,  2  50 

*  Michie  and  Harlow's  Practical  Astronomy 8vo,  3  00 

*  White's  Elements  of  Theoretical  and  Descriptive  Astronomy z2mo,  a  00 
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RttddiniAn's  IncompttibilitiM  in  Pmcriptions. 8vo.  a  oo 

*  Whys  in  Pbamuicy lamo,  i  oo 

Sabin's  Industrial  and  Artistic  Technology  of  Paints  and  Vamiih. 8vo.  3  00 

Salkowski's  Physiological  and  Pathological  Chemistry.     (Omdorff.) 8yo,  2  50 

Schimpf' 8  Text-book  of  Vohimetric  Analysis. xamo,  2  50 

Essentials  of  Volumetric  Analysis xamo,  i  as 

*  Qualitative  Chemical  Analysis 8yo,  x  25 

Smith's  Lecture  Notes  on  Chemistry  for  Dental  Students. .  • 8to,  a  50 

Spencer's  Handbook  for  Chemists  of  Beet-sugar  Houses.  ....  x6mo,  morocco.  3  00 

Handbook  for  Cane  Sugar  Manufacturers. x6mo,  morocco.  3  00 

Stockbridge's  Rocks  and  Soils. Sto,  2  50 

*  Tillman's  Elementary  Lessons  in  Heat 8yo,  x  50 

*  Descriptive  General  Chemistry 8vo»  3  00 

Treadwell's  Qualitative  Analysis.     (HalL). 8vo,  3  00 

Quantitative  Analysis.     (Hall.) 8vo,  4  00 

Tumeaure  and  Russell's  Public  Water-supplies 8vo,  5  00 

Van  Deventer's  Physical  Chemistry  for  Beginners.     (Boltwood.) xamo.  x  50 

*  Walke's  Lectures  on  Explosives 8vo,  4  00 

Ware's  Beet-sugar  Manufacture  and  Refining.     Vol.  I Small  8vo,  4  00 

Vol.  II SmallSvo,  500 

Washington's  Manual  of  the  Chemical  Analysis  of  Rocks. 8vo,  a  00 

Weaver's  Military  Explosives 8vo,  3  00 

Wehrenfennig's  Analysis  and  Softening  of  Boiler  Feed-Water 8vo,  4  00 

Wells's  Laboratory  Guide  in  Qualitative  Chemical  Analysis. 8vo,  x  50 

Short  Course  in  Inorganic  Qualitative  Chemical  Analysis  for  Engineering 

Students xamo,  x  50 

Text-book  of  Chemical  Arithmetic xamo»  x  as 

Whipple's  Microscopy  of  Drinking-water 8vo,  3  50 

Wilson's  Cyanide  Processes xamo,  x  50 

Chlorination  Process lamo,  x  50 

Winton's  Microscopy  of  Vegetable  Foods 8vo.  7  50 

Wulling's   Elementary   Course   in  Inorganic,  Pharmaceutical,  and  Medical 

Chemistry xamo,  a  00 


CIVIL  EMGI5EERIMG. 

BRIDGES    AlTD   ROOFS.       HYDRAULICS.      MATERIALS  OF   ENGINEERING 
RAILWAY  ENGINEERING. 

Baker's  Engineers'  Surveying  Instruments. xamo,  3  00 

Bixby's  Graphical  Computing  Table Paper  X9^Xa4l  inches.  as 

Breed  and  Hosmer's  Principles  and  Practice  of  Surveying 8vo,  3  00 

*  Burr's  Ancient  and  Modem  Engineering  and  the  Isthmian  Canal 8vo,  3  50 

Comstock's  Field  Astronomy  for  Engineers. 8vo,  a  50 

*  Corthell's  Allowable  PreMnies  on  Deep  Foundatioiis i2mo,  x  as 

Crandall's  Text- book  on  Geodesy  and  Least  Squares 8vo,  3  00 

Davis's  Elevation  and  Stadia  Tables 8vo,  x  00 

Elliott's  Engineering  for  Land  Drainage xamo,  i  50 

Practical  Farm  Drainage xamo.  x  00 

^Fiebeger's  Treatise  on  Civil  Engineering 8vo.  5  00 

Flemer's  Phototopographic  Methods  and  Instruments. 8vo,  5  00 

Folwell's  Sewerage.     (Designing  and  Maintenance.) 8vo,  3  00 

Freitag's  Architectural  Engineering,     ad  Edition,  Rewritten 8vo,  3  5o 

French  and  Ives's  Stereotomy 8vo,  a  50 

Goodhue's  Municipal  Improvements. xamo,  x  so 

Gore's  Elements  of  Geodesy 8vo,  a  50 

*  Haaeh  and  Rice's  Tables  of  Quantities  for  Prdiminary  Bstlmatet i2mo,  x  as 

Bayford's  Text-book  of  Geodetic  Astronomy 8vo,  3  00 
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Herinc't  Ready  Reference  Tables  (Conyeraion  Facton) 161110,  morocco,  2  50 

Howe's  Retaininc  Walls  for  Sarth. xamo,  x  as 

Boyt  and  Graver's  Riv«r  Diseharge 8to,  2  oo 

*  Ives's  Adjuatxnents  of  the  Engineer's  Transit  and  Level i6mo,  Bds.  3$ 

Ives  and  Hilts's  Problems  in  Surveying x6mo,  morocco,  i  50 

Johnson's  (J.  B.)  Theory  and  Practice  of  Surveying. Small  8vo,  4  00 

Johnson's  (L.  J.)  Statics  by  Algebraic  and  Graphic  Methods Svo,  2  00 

Laplace's  Philosophical  Essay  on  Probabilities.    (Truscott  and  Emory.) .  zamo,  2  00 

Mahan's  Treatise  on  Civil  Engineering.     (1873.)     (Wood.) 8vo,  5  00 

*  Descriptive  Geometry 8vo»  1  50 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy 8vo,  2  50 

Merriman  and  Brooks's  Handbook  for  Surveyors x6mo,  morocco,  2  00 

Nugent's  Plane  Surveying 8vo,  3  50 

Ogden's  Sewer  Design. i2mo,  a  00 

Parsons's  Disposal  of  Municipal  Refuse 8vo,  2  00 

Patton's  Treatise  on  Civil  Engineering 8vo  half  leather.  7  50 

Reed's  Topographical  Drawing  and  Sketching 4to,  5  00 

Rideal's  Sewage  and  the  Bacterial  Purification  of  Sewage 8vo,  4  00 

Riemer's  Shaft-sinldng  under  Difficult  Conditions.     (Coming  and  Peele-).  .8vo,  300 

Siebert  and  Biggin's  Modem  Stone-cutting  and  Masonry 8vo,  z  50 

Smith's  Manual  of  Topographical  Drawing.     (McMillan.) 8vo,  a  50 

Sondericker's  Graphic  Statics,  with  Applications  to  Trusses,  Beams,  and  Arches. 

8vo,  a  00 

Taylor  and  Thompson's  Treatise  on  Concrete,  Plain  and  Reinforced 8vo,  5  00 

Tiacy '8  Plane  Sniveying i6mo.  morocco,  3  00 

*  Trautwine's  Civil  Engineer's  Pocket-book i6mo,  morocco,  5  00 

Venable's  Garbage  Crematories  in  America 8vo,  a  00 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo,  6  00 

Sheep,  6  50 
Law  of  Operations  Preliminary  to  Construction  in  Engineering  and  Archi- 
tecture  8vo,  5  00 

Sheep,  s  50 

Law  of  Contracts 8vo,  3  00 

Warren's  Stereotomy — Problems  in  Stone-cutting 8vo,  a  50 

Webb's  Problems  in  the  Use  and  Adjustment  of  Engineering  Instruments. 

xomo,  morocco,  i  25 

Wilson's  Topographic  Surveying 8vo,    3  50 

BRIDGES  AND  ROOFS. 

Boiler's  Practical  Treatise  on  the  Construction  of  Iron  Highway  Bridges.  .8vo,  2  00 

Burr  and  Falk's  Influence  Lines  for  Bridge  and  Roof  Computations 8vo,  3  00 

Design  and  Construction  of  Metallic  Bridges 8vo,  5  00 

Du  Bois's  Mechanics  of  Engineering.     Vol.  II Small  4to,  xo  00 

Foster's  Treatise  on  Wooden  Trestle  Bridges. 4to,  5  00 

Fowler's  Ordinary  Foundations 8vo,  3  50 

Greene's  Roof  Trusses 8vo,  i  25 

Bridge  Trusses 8vo,  2  50 

Arches  in  Wood,  Iron,  and  Stone 8vo,  2  50 

Grimm's  Secondary  Stresses  in  Biidge  Tnisses.     (In  Press.) 

Howe's  Treatise  on  Arches. 8vo,  4  00 

Design  of  Simple  Roof-trusses  in  Wood  and  SteeL 8vo,  a  00 

Synunetrical  Masonry  Arches 8vo.  2  50 

Johnson,  Bryan,  and  Tumeaure's  Theory  and  Practice  in  the  Designing  of 

Modem  Framed  Structures Small  4to,  10  00 

Merriman  and  Jacoby's  Text-book  on  Roofs  and  Bridges: 

Part  I.    Stresses  in  Simple  Trusses. 8vo,  2  50 

Part  IL    Graphic  Statics 8vo,  2  50 

Part  ni.  Bridge  Design 8vo,  2  50 

Part  IV.  Higher  Structures 8vo,  2  50 
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Morison's  BCamphis  Bridge 4to.  lo  oo 

Waddell'B  De  Pontibus,  a  Pocket-book  for  Bridge  Engineers. . i6mo,  morocco,    2  00 

*         Specifications  for  Steel  Bridges lamo.        50 

Wright's  Designing  of  Draw-spans.     Two  parts  in  one  volume 8vo,    3  50 


HYDRAULICS. 

Barnes's  Ice  Formation 8vo,  3  00 

Bazin's  Experiments  upon  the  Contraction  of  the  Liquid  Vein  Issuing  from 

an  Orifice.     i,Trautwine.) 8vo,  2  00 

Bovey's  Treatise  on  Hydraulics 8vo,  5  00 

Church's  Mechanics  of  Engineering 8vo,  6  00 

Diagrams  of  Mean  Velocity  of  Water  in  Open  Channels paper,  x  50 

Hydraulic  Motors. 8vo.  2  00 

Coffin's  Graphical  Solution  of  Hydraulic  Problems i6mo,  morocco,  2  50 

Flather's  Dynamometers,  and  the  Measurement  of  Power 12 mo,  3  00 

Polvnell's  Water-supply  Engineering. 8vo,  4  00 

Frizell's  Water-power 8vo,  5  00 

Fuertes's  Water  and  Public  Health i2mo.  x  50 

Water-filtration  Works i2mo,  2  50 

Ganguillet  and  Kutter's  General  Formula  for  the  Uniform  Flow  of  Water  in 

Rivers  and  Other  Channels.     (Hering  and  Trautwine. ) 8vo,  4  00 

Hasen's  Clean  Water  and  How  to  Get  It Large  i2mo,  1  5o 

Filtration  of  Public  Water-supply 8vo,  3  00 

Hazlehurst's  Towers  and  Tanks  for  Water- works 8vo,  2  50 

Herschel's  115  Experiments  on  the  Carrying  Capacity  of  Large,  Riveted,  Metal 

Conduits 8vo,  2  00 

*  Hubbaxd  and  fiersted's  Water-works  Management  and  Maintenance.     8vo,  4  00 
Mason's  Water-supply.     (Considered  Principally  from  a  Sanitary  Standpoint.) 

8vo.  4  00 

Merriman's  Treatise  on  Hydraulics 8vo,  5  00 

*  Michie's  Elements  of  Analytical  Mechanics 8vo,  4  00 

Schuyler's  Reservoirs  for  Irrigation,   Water-power,  and  Domestic  Water- 
supply Large  8vo,  5  00 

*  Thomas  and  Watt's  Improvement  of  Rivers 4to,  6  00 

Tumeaure  and  Russell's  Public  Water-supplies 8vo,  5  00 

Wegmann's  Design  and  Construction  of  Dams.     5th  Edition,  enlarged. .   4to,  6  00 

Water-supply  of  the  City  of  New  York  from  1658  to  1895 4to.  xo  00 

Whipple's  Value  of  Pure  Water Large  i2mo,  i  00 

Williams  and  Hazen's  Hydraulic  Tables 8vo,  i  50 

Wilson's  Irrigation  Engineering Small  8vo,  4  00 

Wolff's  Windmill  as  a  Prime  Mover 8vo,  3  00 

Wood's  Turbines 8vo,  2  50 

Elements  of  Analytical  Mechanics 8vo.  3  00 


MATERIALS  OF  ENGIlfEERmG. 

Baker's  Treatise  on  Masonry  Construction 8vo,  5  00 

Roads  and  Pavements 8vo,  5  00 

Black's  United  States  Public  Works Obk>ng  4to,  5  00 

*  Bovey's  Strength  of  Materials  and  Theory  of  Structures 8vo,  7  SO 

Btur's  Elasticity  and  Resistance  of  the  Materials  of  Engineering 8vo.  7  50 

Byrne's  Highway  Construction 8vo,  5  00 

Inspection  of  the  Materials  and  Workmanship  Employed  in  Construction. 

z6mo,  3  00 

Church's  Mechanics  of  Engineering 8vo,  6  00 

Du  Bois's  Mechanics  of  Engineering.     Vol.  I Small  4to,  7  50 

*Eckers  Cements,  Limes,  and  Plas  ers 8vo,  6  00 
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d'i  lUteritlt  of  ConftractloiL Large  8to,  6  oo 

Vowler*!  OnUnAry  FonndationB. 8vo,  3  50 

Onves'f  Forest  Mensuration 8vo,  4  00 

*  Greene's  Stnictural  Mechanics. 8yo,  2  50 

Keep's  Cast  Iron. 8vo,  2  50 

Lanza's  Applied  Mechanics. 8to,  7  50 

Martens's  Handbook  on  Testing  Materials.     (Henning.)    a  vols 8vo,  7  50 

Maurer's  Technical  Mechanics. 8to,  4  00 

Merrill's  Stones  for  Building  and  Decoration 8vo,  5  00 

Merriman's  Mechanics  of  Materials 8yo,  5  00 

*  Strength  of  Materials xamo,  z  00 

MetcalTs  SteeL    A  Manual  for  Steel-users lamo,  a  00 

Patton's  PracticaJ  Treatise  on  Foundations. Sto,  5  00 

Richardson's  Modem  Asphalt  PaTeaunts 8vo,  3  00 

Ridley's  Handbook  for  Superintendents  of  Constructien z6mo,  mor.t  4  00 

*  Rles's  Clays:  Their  Occurrence,  Properties,  and  Usdi. Svo,  5  00 

RockweU's  Reads  and  Pavements  ift  France. zamo,  i  as 

Sabin's  Industrial  and  Artistic  Technology  of  Paints  and  Varnish 8vo,  3  00 

^Schwarz's  Longleaf  Pine  in  Virgin  Forest,.. lamo,  x  as 

Smith's  Materials  of  Machines zamo,  z  00 

Snow's  Principal  Species  of  Wood. 8vo,  3  50 

Spakiing's  Hydraulic  Cement zamo,  a  00 

Text-book  on  Roads  and  Pavements. zamo,  a  00 

Taylor  and  Thompson's  Treatise  on  Concrete,  Plain  and  Reinforced 8vo,  5  00 

Thurston's  Materials  of  Engineering.    3  Parts 8vo,  8  00 

Part  I.    Non-metallic  Materials  of  Engineering  and  Metallurgy 8vo,  a  00 

Part  n.    Iron  and  Steel 8vo,  3  50 

Part  in.     A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents 8vo,  a  50 

Tillson's  Street  Pavements  and  Paving  Materials. 8vo,  4  00 

Tomeaare  and  Maurer's  Pzinetples  of  Rslnfnoed  Conorete  Ooastructioii. . .  8vo,  3  06 

Waddell's  De  Pontibus.   (A  Pocket-book  for  Bridge  Engineers.) . .  z6mo,  mor.,  a  00 

*  Specifications  for  Steel  Bridges. zamo,  50 

Wood's  (De  V.)  Treatise  on  the  Resistance  of  Materials,  and  an  Appendix  on 

the  Preservation  of  Timber 8vo,  a  00 

Wood's  (De  V.)  Elements  of  Analytical  Mechaziics. 8vo,  3  00 

Wood's  (M.  P.)  Rustless  Coatings:   Corrosion  and  Electrolysis  of  Iron  and 

SteeL 8vo,  4  00 


RAILWAY  ENGINEERING. 

Andrew's  Handbook  for  Street  Railway  Engineers 3x5  inches,  morocco,  x  as 

Berg's  Buililings  and  Structures  of  American  Railroads 4tD,  s  00 

Brook's  Handbook  of  Street  Railroad  Location. z6mo,  morocco,  z  50 

Butt's  Civil  Engineer's  Field-book. z6mo,  morocco,  a  so 

Crandall's  Transition  Curve z6mo,  morocco*  z  so 

Railway  and  Other  Earthwork  Tables^ 8vo,  z  50 

Crookett's  Methods  for  Earthwork  Computations.     (In  Press) 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book . .  z6mo,  morocco*  5  00 

Dredge's  History  of  the  Pennsylvania  Railroad:  (Z879) Paper,  5  00 

Fisher's  Table  of  Cubic  Tarda Cardboard,  as 

Godwin's  Railroad  Engineers'  Field-book  and  Explorers'  (yuide. . .  z6mo,  mor.,  a  50 
Hudson's  Tables  for  Calculating  the  Cubic  Contents  of  Excavations  and  Em- 
bankments.   8vo,  X  00 

Molitor  and  Beard's  Manual  for  Resident  Engineers z6mo,  z  00 

Nagle's  Field  Manual  for  Raih-oad  Engineers z6mo,  morocco,  3  00 

Philbrick's  Field  Manual  for  Engineers z6mo,  morocco,  3  00 

Raymond's  Btements  of  Railroad  Bnglneerfng.    (In  Press.) 
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Searks's  Field  Bnfintring. itaio.  iBorooco.  3  o» 

RailfXMid  SplnO. 161110,  morocco,  i  s» 

Tkylor's  PrismoidAl  Fonnute  and  Bartfawork. 8yo.  x  s» 

•  Tiratttwiiie's  Method  of  CalnilaUng  the  Cube  Contents  of  Ezcavationi  and 

Embankmenti  by  the  Aid  of  Diagrams 8to»  2  oo- 

The  Field  Practice  of  Laying  Out  Circular  Curves  for  Railroads. 

lamo,  morocco*  2  50 

Cross  section  Sheet Paper,  as 

Webb's  Railroad  Construction. i6mo,  morocco,  5  00 

Economics  of  Railroad  Construction. i>arge  lamo,  a  50- 

Wellington's  Economic  Theory  of  the  Location  of  Railways. Small  8vo,  5  oo* 


DRAWINO. 

Barr's  Kinematics  of  Machinery 8to,  1  so^ 

*  Bartlett's  Mechanical  Drawing Svo,  3  oo> 

*  "  •*  «        Abridged  Ed. 8to,  150 

Coolidge's  Mamial  of  Drawing. 8to,  paper,  t  oo- 

Coolidge  and  Freenum's  Elements  of  General  Drafting  for  Mechanical  £ngi« 

neers Oblong  4to,  a  50- 

Durley's  Kinematics  of  Machines 8to,  4  o» 

Emch*s  Introduction  to  Projective  Geometry  and  its  Applications 8to.  2  50 

HiU*B  Text-book  on  Shades  and  Shadows,  and  Perspective 8vo,  a  00- 

Jamison's  Elements  of  Mechanical  Drawing 8vo,  2  5» 

Advanced  Mechanical  Drawing 8vo,  2  o» 

Jones's  Machine  Design: 

Part  L     Kinematics  of  Machinery 8vo,  x  so 

Part  n.     Form,  Strength,  and  Proportions  of  Parts 8vo,  3  00 

MacCord's  Elements  of  Descriptive  Geometry 8vo,  3  oo- 

Kinematics;  or.  Practical  Mechanism  8vo,  5  00 

Mechanical  Drawing. 4to,  4  00 

Velocity  Diagrams 8vo,  x  5a 

MacLeod's  Descriptive  Geometry Small  8vo,  x  50 

*  Mahan*B  Descriptive  Geometry  and  Stone-cutting. 8vo,  i  5» 

Industrial  Drawing.     (Thompson.) 8vo,  3  50 

Moyer's  Descriptive  Geometry 8vo,  a  00 

Reed's  Topographical  Drawing  and  Sketching 4to,  5  00 

Reid's  Course  in  Mechanical  Drawing 8vo,  a  00 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design. 8vo,  3  00 

Robinson's  Principles  of  Mechanismu 8vo,  3  00 

Schwamb  and  Merrill's  Elements  of  Mechanism 8vo,  3  00 

Smith's  (R.  S.)  Manual  of  Topographical  Drawing.     (McMillan.) 8vo,  a  50- 

Smith  (A.  W.)  and  Marx's  Machine  Design. 8vo,  3  oo- 

*  Titsworth's  Elements  of  Mechanical  Drawing Oblong  8vo,  x  as 

Warren's  Elements  of  Plane  and  Solid  Free-hand  Geometrical  Drawing.  I amo,  x  oo- 

Drafting  Instruments  and  Operations lamo,  x  35 

Manual  of  Elementary  Projection  Drawing. xamo.  x  50 

Manual  of  Elementary  Problems  in  the  Linear  Perspective  of  Form  and 

Shadow lamo,  x  00 

Plane  Problems  in  Elementary  Geometry xamo,  x  35 

Elements  of  Descriptive  Geometry,  Shadows,  and  Perspective 8vo,  3  50 

General  Problems  of  Shades  and  Shadows 8vo,  3  00 

Elements  of  Machine  Construction  and  Drawing 8vo,  7  50 

Problems,  Theorems,  and  Examples  in  Descriptive  Geometry 8vo,  a  50 

Weisbach's    Kinematics    and    Power    of    Transmission.        (Hermann    and 

Klein.) 8vo,  5  Oo 

Whelpley's  Practical  Instruction  in  the  Art  of  Letter  Engraving xamo,  a  oo 

Wilson's  (H.  M.)  Topographic  Surveying 8vo,  3  3» 
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WHwn's  (Y.  T.)  Free-hand  Perepective. 8to,    a  50 

Wileon's  (V.  T.)  Free-hand  Lettering 8vo,    i  00 

Woolfe  Elamentaiy  Coune  in  DeecriptiTe  Geometry. Large  8vo,    3  o» 

ELECTRICITY  AND  PHYSICS. 

*  Abegg's  Theory  of  Electrolytic  Dissociation.     (Von  Ende.) lamo,  i  25 

Anthony  and  Brackett's  Text-book  of  Physics.     (Magie.) Small  8to,  3  00 

Anthony's  Lecture-notes  on  the  Theory  of  Electrical  Measurements xamo,  x  00 

Benjamin's  History  of  Electricity 8vo,  3  00 

Voltaic  CeU. 8vo,  3  oa 

Betts's  Lead  Roaning  and  Electndysla.    (In  Press.) 

Classen's  Quantitative  Chemical  Analysis  by  Electrolysis.     (Boltwood.).8vo,  3  oa 

e  Collins's  Manual  of  Wireless  Telegraphy lamo,  x  50 

Morocco,  2  00 

Crehore  and  Squier's  Polarizing  Photo-chronograph. 8yo,  3  oa 

e  Danneel's  Electrochemistry.    (Merriam.) xamo,  x  25 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book.  x6mo,  morocco,  5  00 
Dokzalek's  Theory  of  the  Lead  Accumulator  (Storage  Battery).   (Von  Ende.) 

x2mo,  2  50 

Duhem's  Thermodynamics  and  Chemistry.     (Burgess.) 8yo,  4  oa 

Flather's  Dynamometers,  and  the  Measurement  of  Power x2mo,  3  ca 

Gilbert's  De  Magnete.     (Mottelay.) 8vo,  2  50 

Hanchett's  Alternating  Currents  Explained xamo,  i  oa 

Bering's  Ready  Reference  Tables  (Conyersion  Factors) x6mo,  morocco,  2  sa 

Hobart  and  Ellis's  High-speed  Dynamo  Bleetric  Machinery.     (In  Press.) 

Holxnan's  Precision  of  Measurements 8vo,  2  oa 

Telescopic  Mirror-scale  Method,  Adjustments,  and  Tests Large  8to,  75 

Kaiapetxrff's  Bzpeiimental  Electrical  Engineering.     (In  Press.) 

Kinzbrunner's  Testing  of  Continuous-current  Machines 8vo,  2  00 

Landauer's  Spectrum  Analysis.     (Tingle.) 8to.  3  oa 

Le  Chatelier*s  High-temperature  Measurements.  (Boudouard — Burgess. )  xamo,  3  oa 

Lob's  Electrochemistry  of  Organic  Compounds.     (Lorenz.) 8to,  3  oa 

*  Lyons^s  Treatise  on  Electromagnetic  Phenomena.  Vols.  I.  and  II.  8vo,  each,  6  oa 

•  Michie's  Elements  of  Wave  Motion  Relating  to  Sound  and  Light 8vo,  4  oa 

Niaudefs  Elementary  Treatise  on  Electric  Batteries.     (Fishback.) x2mo,  2  5a 

Vonis's  Introductioa  to  the  Study  of  Electrical  Bngtnaering.     (In  Pre«s.) 

*  Parshall  and  Hobart's  Electric  Machine  Design 4to,  half  morocco,  X2  5a 

Reagan's  Locomotives:  Simple,  Compound,  and  Electric.      New  Edition. 

Large  xamo.  3  50 

*  Rosenberg's  Electrical  Engineering.     (Haldane  Gee — Kinzbruimer. ).  .  .8vo,  2  oa 

Ryan,  Norris,  and  Hoxie's  Electrical  Machinery.     VoL  1 8vo,  2  5a 

Thurston's  Stationary  Steam-engines. 8vo,  2  5a 

•  Tillman's  Elementary  Lessons  in  Heat 8vo,  x  5a 

Tory  and  Pitcher's  Manual  of  Laboratory  Physics. Small  8vo,  2  oa 

UUn's  Modem  Electrolytic  Copper  Refining 8vo,  3  oa 

LAW. 

•  Davis's  Elements  of  Law 8vo,    2  50 

•  Treatise  on  the  Military  Law  of  United  States. 8vo,    70a 

•  Sheep,    7  5» 

*  Dudley's  Military  Law  and  the  Procedure  of  Courts-martial Large  xamo,    2  50 

Manual  for  Courts-martiaL i6mo,  morocco,    x  5^ 

Waifs  Engineering  and  Architectural  Jurisprudence 8vo,    6  oa 

Sheep,  6  5a 
Law  of  Operations  Preliminary  to  Construction  in  Engineering  and  Archi- 
tecture  8vo,  5  oa 

Sheep.  5  50 

Law  of  Contracts. S^o.  3  oa 

Vintfarop's  Abridgment  of  Military  Law lamo,  3  5» 
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MANUFACTURES. 

Bemadou's  Smokeleif  Powder— Nitro-ceUolose  and  Theory  of  tbe  CeUoloae 

Molecule lamo,  a  50 

BoUand's  Iron  Founder lamo,  2  50 

The  Iron  Founder,*'  Supplement ximo,  2  50 

Encyclopedia  of  Founding  and  Dictionary  of  Foundry  Terms  Used  in  the 

Practice  of  Moulding x2mo,  3  00 

*  Claaasen's  Beet-sugar  Manufacture.    (Hall  and  Rolfe.) 8vo,  3  00 

*  Eckel's  Cements,  Limes,  and  Plasters 8vo,  6  00 

Eissler's  Modem  High  Explosives 8vo,  4  00 

Eff rent's  Enzjrmes  and  their  Applications.     (Prescott) Sto.  3  00 

Fitzgerald's  Boston  Machinist lamo,  x  00 

Ford's  Boiler  Making  for  Boiler  Makers. x8mo.  x  00 

Herrick's  Denatured  or  Industrial  Alcohol 8vo.  4  00 

HoDey  and  Ladd's  Analysia  of  Mixed  Paints,  Ccdor  Pigments,  and  Varnishes. 

(In  Presa.) 

Hopkins's  Oil-chemists'  Handbook 8vo,  3  00 

Keep's  Cast  Iron. 8vo.  2  5* 

Leach's  The  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

Control Large  8vo,  7  50 

*  McKay  and  Larsen's  Principles  and  Practice  of  Butter-making 8vo,  1  50 

Maire's  Modem  Pigments  and  their  Vehicles.     (In  Press.) 

Matthews's  The  Textile  Fibres.     3d  Edition,  Rewritten 8vo,  4  00 

Metcalf's  Steel.    A  Maunal  for  SteeUusers lamo,  2  00 

Metcalfe's  Cost  of  Manufactures— And  the  Administration  of  Workshops . .  8vo,  5  00 

Meyer's  Modem  Locomotive  Construction 4to,  10  00 

Morse's  Calculations  used  in  Cane-sugar  Factories x6mo,  morocco,  x  50 

*  Relsig's  Guide  to  Piece-dyeing 8vo,  35  00 

Rice's  Concrete-block  Manufacture Avo,  a  00 

Sabin's  Industrial  and  Artistic  Technology  of  Paints  and  Varnish 8vo,  3  00 

Smith's  Press-working  of  Metals 8vo,  3  00 

Spalding's  Hydraulic  Cement xamo,  2  00 

Spencer's  Handbook  for  Chemists  of  Beet-sugar  Houses x6mo,  morocco,  3  00 

Handbook  for  Cane  Sugar  Manufacturers i6mo,  morocco,  3  00 

Taylor  and  Thompson's  Treatise  on  Concrete,  Plain  and  Reinforced 8vo,  5  00 

Thurston's  Manual  of  Steam-boilers,  their  Designs,  Construction  and  Opera- 
tion  8yo,  5  00 

Ware's  Beet-sugar  Manufacture  and  Refining.     Vol.  I Small  8vo,  4  00 

Vol.  n Svo.  500 

Weaver's  Military  Explosives 8vo,  3  00 

West's  American  Foundry  Practice lamo,  2  50 

Moulder's  Text-book xamo,  2  50 

Wolff's  Windmill  as  a  Prime  Mover 8vo,  3  00 

Wood's  Rustless  Coatings:  Corrosion  and  Electrolysis  ot  Iron  and  Steel. . 8vo,  4  00 

MATHEMATICS. 

Baker's  Elliptic  Functions 8vo,  x  50 

Briggs's  Elements  of  Plane  Analytic  Geometry lamo,  x  00 

Buchanan's  Plane  and  Spherical  Trigonometry.     (In  Press.) 

Compton's  Manual  of  Logarithmic  Computations lamo,  x  50 

Davis's  Introduction  to  the  Logic  of  Algebra 8vo,  x  50 

«  Dickson's  College  Algebra Large  xamo,  i  50 

*  Introduction  to  the  Theory  of  Algebraic  Equations Large  xamo,  x  as 

Emch's  Introduction  to  Projective  Geometry  and  its  Applications 8vo,  a  50 

Halsted's  Elements  of  Geometry 8vo,  x  75 

Elementary  Synthetic  (geometry 8vo,  x  50 

*  Rational  Geometry xamo,  x  So 
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*  JohMon'i  (J.  B.)  Three-place  Locarlthmlc  Tablet:  Yect-pocket  size. paper,        is 

xoo  copies  for    5  00 

*  Motmted  oa  heavy  cardboard,  8  X  xo  inches,        as 

xo  copies  for    a  00 
Johnson's  (W.  W.)  Elementary  Treatise  on  Differential  Calculus.  .Small  8to,    3  00 

Elementary  Treatise  on  the  Integral  Calculus Small  Sto,     i  50 

Johnson's  (W.  W.)  Curve  Tracing  in  Cartesian  Co-ordiitates i2mo»     x  00 

Johnson's  (W.  W.)  Treatise  on  Ordinary  and  Partial  Differential  Equations. 

Small  8vo,     3  50 

jAhnaon't  Tiaatlae  on  the  Int»cna  Calcnliis Small  svo.     3  00 

Johnson's  (W.  W.)  Theory  of  Errors  and  the  Method  of  Least  Squares .  xamo»     i  50 

*  Johnson's  (W.  W.)  Theoretical  Mechanics xamo,    3  00 

Laplace's  Philosophical  Essay  on  Probabilities.     (Truscott  and  Emory.  >.X3mo,     a  00 

*  Ludlow  and  Bass.     Elements  of  Trigonometry  and  Logarithmic  and  Other 

Tables 8vo,    3  00 

Trigonometry  and  Tables  published  separately Each,     a  00 

*  Ludlow's  Logarithmic  and  Trigonometric  Tables 8to,     i  00 

Manning's  Irrationalllumbers  and  their  Representation  bySequences  and  Series 

lamo,     X  as 
Mathematical  Monographs.     Edited  by  Mansfield  Merrixnan  and  Robert 

S.  Woodward. Octavo,  each    x  00 

No.  z.  History  of  Modern  Mathematics,  by  David  Eugene  Smith. 
Ho.  a.  Synthetic  Projective  Geometry,  by  George  Bruce  Hoisted. 
Ho.  3.  Determinants,  by  Laenas  Gifford  Weld.  No.  4.  Hyper- 
bolic Fimctions,  by  James  McMahon.  No.  s.  Harmonic  Func- 
tions, by  William  E.  Byerly.  No.  6.  Grassmann's  Space  Analysis, 
hy  Edward  W.  Hyde.  No.  7.  Probability  and  Theory  of  Errors, 
by  Robert  S.  Woodward.  No.  8.  Vector  Analysis  and  Quaternions, 
by  Alexander  Macfarlane.  No.  9.  Differential  Equations,  by 
William  Woolsey  Johnson.  No.  10.  The  Solution  of  Equations, 
by  Mansfield  Merriman.  No.  xx.  Functions  of  a  Complex  Variable, 
by  Thomas  S.  Fiske. 

Maurer's  Technical  Mechanics. 8vo,    4  00 

Merriman's  Method  of  Least  Squares. 8vo,    a  00 

Rice  and  Johnson's  Elementary  Treatise  on  the  Differential  Calculus. .  Sm.  8vo,    3  00 
Differential  and  Integral  Calculus,     a  vols,  in  one Small  8vo,    a  50 

*  Veblen  and  Lennes's  Introduction  to  the  Real  Infinitesimal  Analjrsis  of  One 

Variable 8vo,  a  00 

Wood's  Elements  of  Co-ordinate  Geometry 8vo,    a  00 

Trigonometry:  Anal3Ptical,  Plane,  and  Spherical xamo,    x  00 

MECHANICAL  ENGINEERING. 

MATERIALS  OF  ENGINEERING,  STEAM-ENGINES  AND  BOILERS. 

Bacon's  Forge  Practice lamo,  x  50 

Baldwin's  Steam  Heating  for  Buildings lauio,  a  50 

Barr's  Kinematics  of  Machinery 8vo,  2  5c 

*  Bartlett's  Mechanical  Drawing 8vo,  3  00 

*  "  "  "        Abridged  Ed ,  .8vo,    1  50 

Benjamin's  Wrinkles  and  Recipes. .  t lamo,    a  00 

Carpenter's  Experimental  Engineering 8vo,    6  00 

Heating  and  Ventilating  Buildings Bvo,  4  00 

Clerk's  Gas  and  Oil  Engine Small  8vo,  4  00 

CooHdge's  Manual  of  Drawing 8vo,  paper,  x  o^ 

Coolidge  and  Freeman's  Elements  of  General  Drafting  for  Mechanical  En- 
gineers  Oblong  4to,  a  50 

Cromwell's  Treatise  on  Toothed  Gearing xamo.  i  50 

Treatise  on  Belts  and  Pulleys xamo,  x  50 
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Durley't  Kininniitici  of  Machimw. 8«Op  4  0» 

Flathar*!  Dynamometen  and  the  Measurement  of  Power. lamo,  3  o» 

Rope  Driving. lamo,  2  00 

Gill's  Gas  and  Fuel  Analjaii  for  Engineers xaoao,  x  25. 

Hall's  Car  Lubrication. xaino,  z  o» 

Bering's  Ready  Reference  Tables  (Conversion  Factors) x6mo,  morocco,  a  50 

Button's  The  Gas  Engine. . . .  .' 8vo,  5  o» 

Jamison's  Mechanical  Drawing. 8vo,  a  50 

Jones's  Machine  Design : 

Part  L     Kinematics  of  Machinery. 8vo,  x  50 

Part  n.     Form,  Strength,  and  Proportions  of  Parts 8vo,  3  00 

Kent's  Mechanical  Engineers'  Pocket-book. i6mo,  morocco,  5  00 

Kerr's  Power  and  Power  Transmission.  . . « 8vo,  2  00 

Leonard's  Machine  Shop,  Tools,  and  Methods 8vo,  4  00 

*  Loren2's  Modem  Refrigerating  Machinery.    (Pope.  Haven,  and  Dean.) . .  8vo,  4  00 
MacCord's  Kinematics;  or,  Practical  Mechanism. 8vo,  5  00 

Mechanical  Drawing 4to,  4  00 

Velocity  Diagrams. 8vo,  x  50 

MacFarland's  Standard  Reduction  Factors  for  Gases Svo,  x  50 

Mahan's  Industrial  Drawing.     (Thompson.) 8vo,  3  50 

Poole's  Calorific  Power  of  Fuels 8vo,  3  oo- 

Reid's  Course  in  Mechanical  Drawing 8vo,  2  oa 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design .  8vo,  3  o» 

Richard's  (k>mpre88ed  Air lamo,  x  5<» 

Robinson's  Principles  of  Mechanism 8vo,  3  00 

Schwamb  and  Merrill's  Elements  of  Mechanism. 8vo,  3  00 

Smith's  (O.)  Press-working  of  Metals. 8vo,  3  00 

Smith  (A.  W.)  and  Marx's  Machine  Design. 8vo,  3  oo 

Thurston's  Treatise   on   Friction  and  Lost  Work  in  Machinery  and   Mill 

Work. 8vo,  3  oo 

Animal  as  a  Machine  and  Prime  Motor,  and  the  Laws  of  Energetics .  xamo,  x  00 

TiUson's  Complete  Automobile  Instructor i6mo,  x  50 

Morocco,  3  00 

Warren's  Elements  of  Machine  Construction  and  Drawing. 8vo,  7  50 

Weisbach's   Kinematics   and   the    Power   of   Transmission.     (Herrmann — 

Klein.) 8vo,  5  oo 

Machinery  of  Transmission  and  Governors.     (Herrmann — Klein.).  .8vo,  5  00 

Wolff's  Windmill  as  a  Prime  Mover 8vo,  3  00 

Wood's  Turbines. 8vo,  a  50 

MATERIALS  OF   ENGINEERING. 

*  Bovey's  Strength  of  Materials  and  Theory  of  Structures 8vo,  7  50 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering.    6th  Edition. 

Reset 8vo,  7  5» 

Church's  Mechanics  of  Engineering 8vo,  6  00 

*  Greene's  Structural  Mechanics 8vo,  a  50 

Johnson's  Materials  of  Construction 8vo,  6  00 

Keep's  C^st  Iron 8vo,  a  50 

Lanza's  Applied  Mechanics. 8vo,  7  50 

Martens 's  Handbook  on  Testing  Materials.     (Henning.) 8vo,  7  50 

Maurer's  Technical  Mechanics. 8vo,  4  00 

Merriman's  Mechanics  of  Materials * 8vo,  5  00 

*  Strength  of  Materials xamo,  z  00 

Metcalf's  SteeL     A  Manual  for  Steel-users i2mo,  2  00 

Sabin's  Industrial  and  Artistic  Technology  of  Paints  and  Varnish 8vo,  3  00 

Smith's  Materials  of  Machines i2mo,  x  00 

Thurston's  Materials  of  Engineering 3  vols.,  8vo,  8  oo 

Part  n.     Iron  and  Steel 8vo,  3  50 

Part  m.     A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents 8vo,  a  50 
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Wood's  (Do  v.)  TroatiBe  on  the  Resistance  of  Material  and  an  Appendix  on 

the  Preservation  of  Timber 8vo,    a  oo 

Elements  of  AnalytieaJ  Mechanics. 8vo,    3  00 

Wood's  (K.  P.)  Rustless  Coatings:   Corrosion  and  ElectrolyBis  of  Iron  and 

Ste^ 8to,    4  00 

STEAM-EHGDVES  AND  BOILERS. 

Berry's  Temperature-entropy  Diagram. zamo,    z  25 

Camot's  Reflections  on  tlie  Motive  Power  of  Heat.     (Thurston.) zamo,    z  50 

Creighton's  Steam-engine  and  other  Heat-motors 8vo,    5  00 

Dawson's  ** Engineering"  and  Electric  Ttection  Pocket-book. . .  .z6mo,  mor.,    5  00 

Ford's  Boiler  Making  for  Boikr  Makers. z8mo»    z  00 

Ooss's  Locomotive  Sparks. $ro,    a  00 

Locomotive  Performance 8vo.  5  00 

Hemenway's  Indicator  Practice  and  Steam-engine  Economy zamo*    a  00 

Button's  Mechanical  Engineering  of  Power  Plants. 8vo,    5  00 

Heat  and  Heat-engines 8vo,    5  00 

Zent's  Steam  boiler  Economy 8vo,    4  00 

Xneass's  Practice  and  Theory  of  the  Injector. 8vo,    z  50 

MacCord's  Slide-valves 8vo,    a  00 

Meyer's  Modem  Locomotive  (instruction 4to,  zo  00 

Peabody's  Manual  of  the  Steam-engine  Indicator. zamo,    z  50 

Tables  of  the  Properties  of  Saturated  Steam  and  Other  Vapors 8vo,    z  00 

Thermod]mamic8  of  the  Steam-engine  and  Other  Heat-engines. 8vo,    5  00 

Valve-gears  for  Steam-engines 8vo,    a  50 

Peabody  and  Miller's  Steam-boilers 8vo,    4  00 

Prey's  Twenty  Years  with  the  Indicator. Large  8vo,    a  50 

Pupin's  Thermodynamics  of  Reversible  Cycles  in  (jases  and  Saturated  Vapors. 

(Osterberg.) zamo,    z  as 

Reagan's  Locomotives:   Simple,  Compound,  and  Electric.     New  Edition. 

Large  lamo,    3  50 

^ndair's  Locomotive  Engine  Running  and  Management zamo,    a  00 

Smart's  Handbook  of  Engineering  Laboratory  Practice zamo,    a  50 

Snow's  Steam-boiler  Practice 8vo,    3  00 

Spangler's  Valve-gears. 8vo,    a  50 

Notes  on  Thermodynamics zamo,    z  00 

Spangler,  Greene,  and  Marshall's  Elements  of  Steam-engineering 8vo,    3  00 

Thomas's  Steam-turbines 8vo,    3  50 

Thurston's  Haudy  Tables 8vo,    i  50 

Manual  of  the  Steam-engine a  vols.,  8vo,  zo  00 

Part  I.     History,  Structure,  and  Theory 8vo,    6  00 

Part  n.     Design,  Construction,  and  Operation 8vo,    6  00 

Handbook  of  Engine  and  Boiler  Trials,  and  the  Use  of  the  Indicator  and 

the  Prony  Brake 8vo,    5  00 

Stationary  Steam-engines 8vo,    a  50 

Steam-boiler  Explosions  in  Theory  and  in  Practice lamo,    z  50 

Manual  of  St4>am-boilers.  their  Designs,  Construction,  and  Operation .  8vo,    5  00 
Wehrenfenning'sAnalysisandSofteningof  Boiler  Feed-water  (Patterson)  8vo,     400 

Weisbach's  Heat,  Steam,  and  Steam-engines.     (Du  Bois.) .8vo,    5  00 

Whitham's  Steam-engine  Design 8vo,    5  00 

'Wood's  ThermodynamicSt  Heat  Motors,  and  Refrigerating  Machines. .  .8vo«    4  00 


MECHANICS  AND  MACHINERY. 

Parr's  Kinematics  of  Machinery 8vo,  a  50 

^  Bovey's  Strength  of  Materials  and  Theory  of  Structures 8vo,  7  50 

Chase's  The  Art  of  Pattern-making zamo,  a  50 
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Chiirch*t  Mechanict  of  Engineering. 8to,  6  oo 

Notes  and  Bzamples  in  Hechanice. 8vo,  a  oo 

Compton't  First  Lessoni  in  Metal-working. xamo,  x  5a 

Compton  and  De  Groodt'e  The  Speed  Lathe xamo,  x  50 

Cromwell't  Treatiee  on  Tootlied  Gearing xamor  x  50 

Treatise  on  Belts  and  PuUeys. lamo,  i  5» 

Dana's  Text-book  of  Elementary  Mechanics  for  Collages  and  Schools . .  lamo,  i  50 

Dingey's  Machinery  Pattern  Making xamo,  a  00 

Dndge's  Record  of  the  Transportation  Exhibits  BuikUng  of  the  World's 

Cohtmblan  Exposition  of  1893. 4to  half  morocco,  5  00 

Da  Bois's  Elementary  Principles  of  Mechanics: 

VoL     I.     Kinematics. 8vo,  350 

VoL   II.    Statics 8vo,  400 

Mechaiiics  of  Engineering.    VoL    L Small  4to,  7  50 

VoL  n. Small  4to,  10  00 

Dnrley's  Kinematics  of  Msrhines 8vo,  4  o» 

Fitzgerald's  Boston  Machinist x6mo»  x  00 

Flather's  Dynamometers,  and  the  Measurement  of  Power xamo,  3  00 

Rope  Driving xamo,  a  00 

Go«'s  Locomotive  Sparks. 8vo,  a  00  * 

Locomotive  Perfomxance 8vo,  5  00 

^  Greene's  Structural  Mechanics. 8vo,  a  50^ 

HaU's  Car  Lubrication xamo,  x  oa 

Hbbait  and  Ellis's  Hlgh-apaad  Dynamo  Eleetiic  Machinery.    (In  Frees.) 

Holly's  Art  of  Saw  Filing x8mo,  75 

James's  Kinematics  of  a  Point  and  the  Rational  Mechanics  of  a  Particle. 

Small  8vo,  a  00 

e  Johnson's  (W.  W.)  Theoretical  Mechanics. xamo,  3  00 

Johnson's  (L.  J.)  Statics  by  Graphic  and  Algebraic  Methods. 8vo,  a  00 

Jones's  Machine  Design: 

Part   I.    Kinemstics  of  Msrhinery 8vo,  x  50. 

Partn.    Form,  Strength,  and  Proportions  of  Parts. 8vo,  300 

Kerr's  Power  and  Power  TransmissioxL 8vo,  a  00 

Lanza's  Applied  Mechanics 8vo,  7  50 

Leonard's  Machine  Shop,  Tools,  and  Methods 8vo,  4  00 

*  Lorenz's  Modem  Refrigerating  Machinery.     (Pope,  Haven,  and  Dean.)  .8vo,  4  00 
MacCord's  Kinematics;  or.  Practical  Mechanism. 8vo,  5  00 

Velocity  Diagrams 8vo,  x  50 

*  Martin's  Text  Book  on  Mechanics,  VoL  I,  Statics xamo,  x  as 

*  Vol.  2,  Kinematics  and  Kinetics  . .  i2mo,  l  50 

Maurer's  Technical  Mechanics. 8vo,  4  oo 

Merriman's  Mechanics  of  Materials. 8vo,  5  00 

*  Elements  of  Mechanics xamo,  x  00 

*  Michie's  Elements  of  Analytical  Mechanics. 8vo,  4  00 

*  Parshall  and  Hobart's  Electric  Machine  Design 4to,  half  morocco,  xa  50- 

Reagan's  Locomotives:  Simple,  Compound,  and  Electric.     New  Edition. 

Large  xamo,  3  5o 

Reid's  Course  in  Mechaxilcal  Drawing 8vo,  a  00 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design. 8vo,  3  00 

Richards's  Compressed  Air xamo,  x  50 

Robinson's  Principles  of  Mechanism 8vo,  3  00 

Ryan,  Norris,  and  Hoxie's  Electrical  Machinery.    VoL  1 8vo,  a  50 

Sanborn's  Mechanics :  Problems Large  xamo,  x  50- 

Schwamb  and  MerriU's  Elements  of  Mechanism 8vo,  3  00 

Sinclair's  Locomotive-engine  Running  and  Management xamo,  a  00 

Smith's  (O.)  Press-working  of  Metals 8vo,  3  00 

Smith's  (A.  W.)  Materials  of  Machines. xamo,  x  00 

Smith  (A.  W.)  and  Marx's  Machine  Design. 8vo,  3  00 

Soiel's   Cai1>nretiiig  and  Combustion  of  Alcoh(d  Engines.     (Woodward  and 

Preston.) Large  8vo,  3  00. 
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Spanglar  Oremia  and  Marwhall's  Ekmrati  of  StMun-eacineeriiic. 8to,  3  00 

ThttTfton't  Treatise  on  Friction  and  Loat  Work  In   Ifaehinery  and   Mill 

Work 8vo,  3  oo 

Animal  as  a  Machine  and  Prime  Motor  I  and  the  LawB  of  Enoi^tics.  xamo,  x  00 

Tillson's  Complete  Automobile  Instructor i6mo,  x  50 

Morocco,  2  00 

Warren's  Elements  of  Machine  Construction  and  Drawing 8vo,  7  50 

Weisbach's  Kinematics  and  Power  of  Transmission.  (Herrmann — Klein.  ).8to,  5  00 

Machinery  of  Transmission  and  Ooyemors.     (Herrmann — Klein.). 8yo,  5  00 

Wood's  Blements  of  Analytical  Mechanics. 8vo,  3  00 

Principles  of  Elementary  Mechanics. xamo,  x  25 

TurblneB. 8to,  2  50 

The  World's  Cohimhian  Bspodtion  of  1893 4to,  x  00 

MEDICAL. 

^BolduAn's  finmnne  Sent i2mo,  1  50 

De  Pursac's  Manual  of  Psychiatry.     (Rosanoflf  and  Collins.) Larse  i2mo,  2  50 

£hrlich*s  Collected  Studies  on  Immunity.     (Bolduan.) 8to,  6  oo 

*  Fischer's  Physiolocy  of  Alimentation Large  12mo,  doth,  2  00 

Hammarsten'a  Text-book  on  Physiological  Chemistry.     (MandeL) 8to,  4  00 

Lassar-Cobn's  Practical  Urinary  Analysis.     (Lorenz.) i2mo,  i  00 

*  PauU*s  Physical  Chemistry  in  the  Service  of  Medicine.     (Fischer.) i2mo,  i  25 

*  Pozzi-Escot's  The  Toxins  and  Venoms  and  their  Antibodies.     (Cohn. ).  1 2mo,  i  00 

Ro8toski*8  Serum  Diagnosis.     (Bolduan.) z2mo,  i  00 

Salkowski's  Physiotogical  and  Pathological  Chemistry.     (Omdorff.) Syo,  2  50 

*  Satterlee's  Outlines  of  Human  Embryology i2mo,  i  25 

Steel's  Treatise  on  the  Diseases  of  the  Dog 8yo,  3  50 

Von  Behring's  Suppression  of  Tuberculosis.     (Bolduan.) i2mo»  x  00 

Woodhuirs  Notes  on  Military  Hygiene x6mo,  i  50 

•  Personal  Hygiene i2mo,    i  00 

WuUing's  An  Elementary  Course  in  Inorganic  Pharmaceutical  and  Medical 

Chemistry xsmo,    2  00 

METALLURGY. 

Betta's  Lead  Rwflnlng  by  Blectndysis.    (In  Press.) 

Egleston's  Metallurgy  of  Silver,  Gold,  and  Mercury: 

Vol.    I.    Silver 8vo,  7  50 

VoL  11.    Gold  and  Mercury. 8vo,  7  50 

Goesel's  Minerals  and  Metals:    A  Reference  Book x6mo,  mor.  3  00 

*  Iles's  Lead-smelting i2mo,  2  50 

Keep's  Cast  Iron 8vo,  2  50 

Kunhardt's  Practice  of  Ore  Dressing  in  Europe 8vo,  x  50 

Le  Chatelier's  High-temperature  Meastirements.  (Boudouard-r Burgess.  )x2mo,  3  00 

Metcalf's  SteeL     A  Manual  for  Steel-users x2mo,  2  oo 

Miller's  Ciranide  Process. i2mo,  x  00 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.     (Waldo.)...  .i2mo,  2  so 

Robine  and  Lenglen's  Cyanide  Industry.     (Le  Clerc.) 8vo,  4  00 

Smith's  Materials  of  Machines i2mo,  x  00 

Thurston's  Materials  of  Engineering.     In  Three  Parts.    8vo,  8  00 

Part   n.     Iron  and  SteeL 8vo,  350 

Part  in.     A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents 8vo,  2  50 

Hike's  Modern  Electrolytic  Copper  Refining 8vo,  3  00 

MINERALOGY. 

Barringer's  Description  of  Minerals  of  Commercial  Value.   Oblong,  morocco,    2  50 

Boyd's  Resources  of  Southwest  Virginia 8vo,    3  00 
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Soyd's  Map  of  Southwest  VirignlA. IVicksi-book  fonn.  a  m 

^  Browning's  Introduction  to  the  Rarer  Elements 8vo,  i  so 

Brush's  Manual  of  Determinatiye  Mineralogy.     (Penfleld.) 8vo,  4  00 

Chester's  Catalogue  of  Minerals gy©,  paper,  z  00 

Cloth,  z  as 

Dictionary  of  the  Ifames  of  Minerals. Svo,  3  so 

Dana's  System  of  Mineralogy Large  Svo,  half  leather,  la  50 

First  Appendix  to  Dana's  New  "  System  of  Mineralogy." Large  Svo,  1  00 

Text-book  of  Mineralogy. gyo,  4  00 

Minerals  and  How  to  Study  Them zamo,  z  so 

Catalogue  of  American  Localities  of  Minerals. Large  Svo,  z  00 

Manual  of  Mineralogy  and  Petrography lamo  a  00 

Doqglas's  Untechnical  Addresses  on  Technical  Subjects. zamo,  z  00 

Eakle's  Mineral  Tables Svo,  z  as 

Egleston's  Catalogue  of  Minerals  and  Synonyms. Svo,  2  so 

Ooesel's  Minerals  and  Metals :    A  Reference  Book z6mo,  mor.  3  00 

Oroth's  Introduction  to  Chemical  Crystallography  (Marshall) zamo,  z  as 

Iddings's  Rock  Minerals Svo,  s  00 

Johaimsen'B  KAy  for  the  Detenninatlaii  of  Sock-fonziing  MinenOs  in  Thin 
Sections.    (In  Press.) 

*  Martin's  Laboratory  Guide  to  Qualitative  Analysis  with  the  Blowpipe,  lamo,  60 
Merrill's  Non-metallic  Minerals:  Their  Occurrence  and  Uses Svo,  4  00 

Stones  for  Building  and  Decoration Svo,  5  00 

*  Penfleld's  Notes  on  Determinative  Mineralogy  and  Record  of  Mineral  Tests. 

Svo,  paper,  50 

Tables  of  Minerals 8vo,  1  00 

*  Richards's  Synopsis  of  Mineral  Characters zamo,  morocco,  z  as 

*  Ries's  Clays:  Their  Occurrence,  Properties,  and  Uses Svo,  s  00 

Rosenbusch's  Microscopical  Physiography  of  the  Rock-making  Minerals. 

(Iddings.) Svo,  5  00 

*  Tillman's  Text-book  of  Important  Minerals  and  Rocks Svo,  a  00 

MINING. 

Beard's  Mine  Oases  and  Bzplostons.    (In  Press.) 

Boyd's  Resources  of  Southwest  Virginia Svo,  3  00 

Map  of  Southwest  Virginia Pocket-book  form  a  00 

Douglas's  Untechnical  Addresses  on  Technical  Subjects. zamo,  z  00 

Eissler's  Modern  High  Explosives. Svo-  4  'y> 

Goesel's  Minerals  and  Metals :    A  Reference  Book z6mo,  mor.  3  00 

Goodyear's  0>al-mines  of  the  Western  Coa;t  of  the  United  States. zamo,  a  50 

Ihlseng's  Manual  of  Mining Svo,  5  00 

*  Iles's  Lead-smelting zamo,  a  50 

Kunhardt's  Practice  of  Ore  Dressing  in  Europe Svo,  z  50 

Miller's  Cyanide  Process zamo,  z  00 

O'Driscoll's  Notes  on  the  Treatment  of  Gold  Ores. Svo,  a  00 

Robine  and  Lenglen's  Cyanide  Industry.     (Le  Clerc.) Svo,  4  00 

Weaver's  Military  Explosives Svo,  3  00 

Wilson's  Cyanide  Processes zamo,  z  50 

Chlorination  Process zamo,  z  50 

Hydraulic  and  Placer  Mining,     ad  edition,  rewritten zamo,  a  50 

Treatise  on  Practical  and  Theoretical  Mine  Ventilation. tamo,  z  as 

SAWITARY  SCIEKCE. 

Basbore's  Sanitation  of  a  Country  House zamo,  z  00 

*  Outlines  of  Practical  Sanitation. zamo,  z  as 

Folwell's  Sewerage.     (Designing,  (>>nstruction,  and  Maintenance.). Svo,  3  00 

Water-supply  Engineering Svo,  4  00 
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Fowler's  Sewage  Works  Analyses lamo, 

Fuertes's  Water  and  Public  Health. lamo. 

Water-filtration  Works. xamo, 

Gerhard's  Guide  to  Sanitary  House  inspection z6mo. 

Sanitation  of  PnUic  Bnildlnga i2nio. 

Hazen's  Filtration  of  Public  Water-suppfies 8vo, 

Leach's  The  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

Control Sro, 

Mason's  Water-supply.  (Considered  principally  from  a  Sanitary  Standpoint )  8vo, 

Examination  of  Water.    (Chemical  and  Bacteriological) xamo, 

*  Merriman's  Elements  of  Sanitary  Engineering Syo, 

Ogden's  Sewer  Design. lamo, 

Prescott  and  Winslow's  Elements  of  Water  Bacteriotogy,  with  Special  Refer- 
ence to  Sanitary  Water  Analysis. xamo. 

*  Price's  Handbook  on  SanitatioiL xamo, 

Richards's  Cost  of  Food.    A  Study  in  Dietaries. xamo. 

Cost  of  Liying  as  Modified  by  Sanitary  Science. xamo, 

Cost  of  Shelter lamo, 

Richards  and  Woodman's  Air.  Water,  and  Food  from  a  Sanitary  Stand- 
point.   8vo, 

*  Richards  and  Williams's  The  Dietary  Computer. .  .  .* 8yo. 

Rideal's  S  wage  and  Bacterial  Purification  of  Sewage 8vo, 

Disinfection  and  the  Preservation  of  Food 8v6, 

Tumeaure  and  Russell's  Public  Water-supplies Syo. 

Von  Behring's  Suppression  of  Tuberculosis.    (BolduaiL)    xamo, 

Whipple's  Microscopy  of  Drinking-water. 8vo, 

Wilson's  Air  Conditioning.    (In  Press.) 

Winton's  Microscopy  of  VegeUble  Foods. 8yo. 

Woodhttll's  Notes  on  Military  Hygiene x6mo. 

^      Personal  Hygiene xamo, 

MISCELLANEOUS. 

Association  of  8tat»  and  National  Food  and  Dairy  Departments  (Interstate 
Pore  Food  Commission) : 

Tenth  Anntial  ConTsntion  Held  at  Hartfoid,  July  17-20,  1906.  ...Svo,    3  oo 
Eleventh   Annual   Convention.   Held  at  Jamestown  Tri-Centennial 
Exposition,  July  16-19,  1907.     (In  Press.) 
Exzmions's  Geological  Guide-book  of  the  Rocky  Mountain  Excursion  of  the 

International  Congress  of  Geologists. Large  8vo,    x  50 

Ferrel's  Pqpular  Treatise  on  the  Winds. 8vo»    4  00 

Gannett's  Sutistical  Abstract  of  the  World. a4mo,       75 

Gerhaid's  The  Modem  Bath  and  Batfa-hooees.    (In  Press.) 

Haines's  American  Railway  Management xamo,    a  so 

Ricketts's  History  of  Rensselaer  Polytechnic  Institute.  i8a4-x894..SmaU  8vo.    3  00 

Rotherham's  Emphasized  New  Testament r Large  8vo.    a  oo 

Standage's  Decorative  Treatment  of  Wood,  Glass,  Metal,  etc.     (In  Press.) 

The  World's  Columbian  Exposition  of  1803 4to,    x  oo 

Winslow's  Elements  of  Applied  Microscopy xamo,    x  50 


HEBREW  AND  CHALDEE  TEXT-BOOKS. 

Green's  Elementary  Hebrew  Gnmsnai xamo,  i  35 

Hebrew  Chrestomathy 8vo.  a  00 

Gesenius's  Hebrew  and  Chaldee  Lexicon  to  the  Old  Testament  Scriptures. 

(Tregelles.) Small  4to,  half  morocco,  s  00 

Letteris's  Hebrew  Bible 8vo,  a  as 
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